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. specific for conditions 
characterized by increased 

capillary permeability.” 
1 


to control bleeding 


In his study of 330 hospital cases treated with 
Adrenosem* Salicylate, Bacala concludes that 
this systemic hemostat is ‘‘specific for the 
strengthening of capillary resistance.” 

He summarizes: “Experience with the drug 
is cited from 317 surgical and 13 obstetrico- 
gynecological cases. Most numerous were the 
233 tonsillectomies, of which 207 patients 
were benefited by its use; post-tonsillectomy 
bleeding was reduced from 19.8 to seven per 
cent. The drug was also found useful in 
gastrointestinal bleeding, cataract extraction, 
epistaxis, incisional seepage, transurethral 
prostatectomy, menometrorrhagias, cervical 
oozing, antepartum and postpartum bleeding, 
threatened abortion, and prevention of capil- 
lary hemorrhages during Hedulin or Dicu- 
merol therapy.””! 


1. Bacala, J.C.: The Use of the Systemic Hemo- 
stat Carbazochrome Salicylate, West. J. Surg. 
64:88 (1956). 


renosem, 


Supplied in ampuls, tablets and as a syrup. 


Write for comprehensive illustrated brochure de- 
scribing the action and uses of Adrenosem Salicylate. 
*U.S. Patent 2,581,850 


The S.E. MASSENGILL company sbristot, tennessee 
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By 


WILLIAM D. SNIVELY, Jr., 
M.D. 


Attending Physician, Evansville 
Child Health Clinics 
Staff Member, St. Mary’s Hospital 
Medical Department, Mead Johnson 
& Company 


and 


+ MICHAEL J. SWEENEY, 
M.D. 


Attending Physician, Evansville 
Child Health Clinics 
Staff Member, St. Mary’s Hospital 
Medical Department, Mead Johnson 
& Company 


From a pediatrician—‘‘Congratulations 
for accomplishing your purpose of 
providing the practitioner with an _in- 
viting, clear and usable text. This 
book will make a definite contribu- 
tion. 


From a leading surgeon—“You have 
done a marvelous job with your hand- 
book on fluid balance. As a practicing 
general surgeon, I can certainly say 
that I feel that this book is going to 
be of great help to me in the care of 
the many problems that come up from 
day to day on fluid balance.’ 


From a Chief of Pediatrics, United 
States Naval Hospital—‘I am de- 
lighted with this handbook. After read- 
ing it quite diligently, I must say that 
I was unable to find anything to criti- 
cize. My final impression of your 
handbook is one of profound admira- 
tion. Your book is superb.’ 


Truly a handbook in the original 
sense of a “working manual,” 
it is the culmination of years of 
experience in teaching the theory 
and application of fluid balance 
to medical students, interns, resi- 
dents, practicing physicians, lay 
technical representatives and 
nurses. 


WRITTEN FOR THE PRACTICING PHYSICIAN 


Every phrase, chapter, section and illustration was submitted to practitioners and then rewritten, 
and, if need be, rewritten, until clear beyond question. 


CLEAR TERMINOLOGY 


The authors chose a practical, systematic classification of the fluid imbalances, then extended and 
simplified it. They developed new teaching techniques, lucid visual aids, everyday analogies for 


difficult concepts. 


THE ABC’S OF FLUID BALANCE 
The simple physiologic system of therapy presented follows logically from clinically oriented sec- 
tions on foundation facts and clinical diagnosis. Detailed case histories, illustrative of therapy meth- 
ods presented in the text, and a “do it yourself” chapter fittingly close this first of all fluid balance 


texts written for—and pre-tested by—practicing physicians. 


328 pages 


CHARLES C THOMAS 


78 illustrations 


PUBLISHER 
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$6.75 
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SPECIALTIES FOR NEUROSURGERY 


“The McGill” combined Neurological instrument. 


401B 


T.G.H. “MY” Retractors, double 
curved, as used by Dr. H. Botterell 
and Dr. Kenneth G. McKenzie of 
Toronto General Hospital, set of 6 
sizes, Va", %", Ya", Ve", 
and 1”, stainless steel dull finish 
rigid or malleable. 


McKenzie’s Burs with threaded shaft to take 


guard, two sizes, 4%" and 5%”. 
cns 14/5 
o—il. we Guards to fit above. 
cns 146. 
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The Abnormal 


By LEO M. DAVIDOFF, M.D. 


Professor and Chairman, Department of Surgery of the Albert Einstein College of Medicine; 
Director of Surgery, Bronx Municipal Hospital org Chief of Neurosurgery, Mount 
Sinai Hospital, New York, N. Y. 


and BERNARD S. EPSTEIN, M.D. 
Chief, Department of Radiology, The Long Island Jewish Hospital, New Hyde Park, N. Y. 


S medicine advances in every field, pneumoencephalography remains as a 

bulwark in the day to day evaluation of neurological and neurosurgical prob- 

lems. This is because it often proves to give more precise indications and a 
higher percentage of demonstrable abnormalities than other methods also in use. 


In this book, pneumoencephalography is presented in its relation to its importance 
to clinical, pathologic and roentgenographic aspects of diseases of the brain. Neo- 
plasms are taken up first, with an opening chapter on the more common brain 
tumors. An entire section is devoted to non-neoplastic tumors of the intracranial 
cavity. Non-tumorous lesions of the brain, including congenital anomalies, degen- 
erative diseases, efc., are given full consideration. The text is well supported by 
clinical case reports and amply illustrated with reproductions from original films, 
many of which are new. 


For the second edition, the work has been brought up to date and augmented with 
much new material. It has a special appeal to neurologists because of its considera- 
tion of non-neoplastic diseases of the brain; to neurosurgeons for the discussion of 
brain tumor diagnosis; to pediatricians for the helpful guidance on brain lesions of 
infants and children; to internists, for clinical records of illustrative cases; and to 
neuropathologists for its material on the pathology of brain tumors. General prac- 
titioners will find it an easy to understand reference work covering the entire field 
of this valuable diagnostic procedure. 


Second Edition. 518 Pages, 7” X 10”. 696 Illustrations on 291 Figures. $15.00. 
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N-196 CRANIOPLASTIC KIT 


Contains 3 packets of powder 
(sterile), 3 ampules of liquid 
(sterile) and 3 matrix bags which is 
sufficient material for the repair of 


three ordinary cranial defects. 


N-198 CARBORUNDUM WHEEL 


Used with bone saw or drill to 
bevel edges and smooth rough 
spots. Can be autoclaved. 


N-197 SPENCE 
CRANIOPLASTIC 
ROLLER 


A stainless steel roller 
which is of great help 
in rolling the plastic 
mass to the desired 
thickness before fitting 
to the cranial defect. 


RESINOUS 
MATERIAL 


FOR 
REPAIRING 
CRANIAL 
DEFECTS 


A method of rapidly repairing 
cranial defects using a resin 
material containing Methyl- 
methacrylate which is molded 
into the cranial defect at the 
time of the original operation. 
This highly refined plastic has 
been used since 1947 and to 
date it has not been necessary 


to remove a single plate. 


Ref.: Spence, William T.: Form Fitting Plastic Cranioplasty. 
Journal of Neurosurgery. May, 1954. 
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JUST PUBLISHED 


Atlas 


Cerebri Humani: 


THE INNER STRUCTURE OF THE BRAIN 
By B. E. LUDWIG and K. KLINGLER 


University of Basle 


A unique atlas of the inner structure of the brain, demonstrated on 
the basis of macroscopical preparations. Page size 9” x 13”. 
Illustrated with 100 remarkable photographs with 

accompanying diagramatic drawings. $18.50 


LITTLE, BROWN & COMPANY 


Boston Toronto 


At Last! 


AUNIVERSAL 
HEAD REST 


for neurosurgery 


© Fits Most Standard Tables 

© For All Neurosurgical Procedures 
© Simple—Versatile—Rigid 

© Easy to Carry (Weighs 15 Ibs.) 


© Economically Reasonable—One 
Unit Does the Work of Three 


The new Bayless Neurosurgical Headrest is the practical and efficient answer to an old problem of 
the neurosurgeon and hospital, too. It’s an excellent and reasonable investment because it does the 

work of several expensive pieces of equipment. It is described in ARMA- 
MENTARIUM, Vol. I, No. V. Your copy will be sent promptly 
upon request. Write for it today. 


WELLER CO. 


330 South Honore Street 


Chicago 12, Illinois 


Dallas © Houston © Los Angeles © Rochester, Minn. 
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35-1675 
35-1 


35-1210 


35-1192 
35-1190 


PILING 35-345 


the hallmark 


of quality 


PHILADELPHIA 


Instruments for surgery 
of the BRAIN 


35-310 Set of 3 Frazier Brain Retractors (right, left, and broad models, each includin 
lamp), two pair rubber-covered battery cords, three extra lamps, in small w 
carrying case. 

35-345 Dura Elevator, Frazier, thin correct blade. 


35-1190 Cordotomy Knife, Frazier, obtuse angle, right. 
35-1192 Same, left. 


35-1210 Suction Elevator, Frazier, half round blade. Straight, non-resisting channel 
through entire length of interior. 


35-1500 Brain Suction Tubes, Ferguson, 6, 7, 8, 9,.10, 12, 14 French. 


35-1675 Brain Abscess Searcher and Drainage Cannula, Francis C. Grant, parts C and D 
assembled are used for exploratory purposes. After location of abscess, D is 
withdrawn, and A and B (assembled) are passed over C and left in place of the 
drainage tube. 


35-1680 Brain Exploring Trocar and Cannula, Frazier. 


Genuine Pilling instruments are made to original and authentic specifications. 
Please order direct from Pilling and use above catalog numbers. 


GEORGE P. & SON CO. 
3451 WALNUT ST. PILLING 


James P. Kelly, 4 W. 56th St., N.Y. 19, N.Y. ¢ George S. Weigand, 6220 Oakdale Ave., Woodland Hills, Calif. e CABLE: Surgical, Phila. 
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New! Safe! Fast! SHELDEN 
TRACHEOTOME 


T. APPLIED FOR 


AMust for Surgeons- Anesthesiologists - Hospitals. 
The Sierra-SHELDEN TRACHEOTOME is a 
complete instrument. Scientifically designed— 
precision made—thoroughly tested and 
proved on hundreds of cases. Safety-guide 
needle directs protective balled-end of trocar 
into the trachea. All parts replaceable. 
Complete, fully illustrated step-by-step 
INSTRUCTION BOOKLET packed with each 
instrument.Made for specialists— 


by specialists.” 
Shown above: Complete assembly and replaceable components 


Perform 
IMMEDIATE 
TRACHEOTOMY 


In SECONDS! 


INSERT GUIDE NEEDLE, TROCAR-TUBE: REMOVE NEEDLE — REMOVE TROCAR—THAT’S ALL! 
Before using, see complete technic packed with Tracheotome 
Available through Surgical Supply Dealers 


DIVISION Sierra Engineering Co. 
123 E. MONTECITO AVE., SIERRA MADRE, CALIF. 


WRITE FOR 
FREE CATALOG 


R.A. 


An Authorized Binding 
for 
JOURNAL OF 
NEUROSURGERY 


to have their journals bound into distinctively 
TUBE FOR NEUROSURGERY designed books. 


(R sc Type) 


Six issues (bi-monthly) bound by the year, in 


LELAB Probe Counter Tubes are made best grade cocoa washable buckram, imprinted 
especially for neurological surgery and other with your name on cover, cost but $3.75 per 
medical uses requiring a miniature probe. volume. 


They provide a satisfactory way of measuring 


Bound journals serve as an immediate refer- 
radioactivity in vivo and for probing small 


ence for research and information. Properly 


areas with relatively strong field intensities. displayed, they create a psychological impact 

The stainless steel probing needle has an on the patient, implying the time and effort 
outside diameter of .080 inches. The sensi- spent to keep up-to-date on the most modern 
tive volume starts about 5 mm. from the tip techniques and treatment. 


of the needle and extends to about 17 mm. 
from the tip. As an aid in detecting the depth 
of penetration, the probe is graduated in 1 


Ship journals parcel post. Within thirty days 
after receipt, bound volumes will be shipped 
prepaid anywhere in the U.S.A. Full remit- 
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CEPHALIC BRUITS IN CHILDREN 


HENRY W. DODGE, JR., M.D. 
Section of Neurologic Surgery, Mayo Clinic and Mayo Foundation,* 
Rochester, Minnesota 


(Received for publication April 2, 1956) 


examination of an apparently healthy infant or young child may 

startle the examiner and alarm the parents. This is particularly true 
in recent years because cerebral auscultation has practically ceased to be a 
part of the clinical physical examination in adults and children, and, there- 
fore, the significance of these bruits may not be appreciated. 

Although in the past much has been written on the subject of intra- 
cranial bruits in infants and young children, this interesting material ac- 
tually has been collected in only a few places, and it seemed of value to 
record a review of the writings of earlier physicians concerning the signifi- 
‘ance of intracranial bruits in infants and young children. 

Writing in the American Journal of Medical Sciences in 1838, Fisher*:® 
stated that 5 vears previously he had read a paper on the cephalic bellows 
sound and considered that this physical finding might play an important 
role in the diagnosis of cerebral diseases as well as thoracic diseases. He de- 
scribed cephalic sounds associated with the heart, with respiration, with 
the voice and with deglutition as they are developed in normal children at 
rest or asleep and prior to closure of the anterior cranial fontanelle. 

The cephalic bellows sound (cranial bruit), Fisher observed, was related 
to “simple congestion of the cerebral organs,”’ chronic hydrocephalus, acute 
inflammation of the brain, suppuration (brain abscess) and induration of the 
brain accompanied by effusion into the ventricular system and at the base 
and also by immediate pressure on the brain. 

In 1839 Smyth* reported a case of chronic hydrocephalus relieved by 
tapping and stated that in a former paper, written in 1837, he had al- 
luded to the cranial systolic murmur of chronic hydrocephalus. 

The observations of Fisher*:* were quickly picked up by physicians in 
Europe and many reports and ideas were contributed mainly by French 
and German physicians. 

Versini,*® in 1839, translated Fisher’s observations into French, even to 
citing Fisher’s conjecture that the “bruit de souffle” had its origin in the 
arterial trunks at the base of the skull where the caliber of the intracranial 
arteries is compromised by the skull itself. 


T= discovery of an intracranial murmur during the routine physical 


* The Mayo Foundation, Rochester, Minnesota, is a part of the Graduate School of the University 
of Minnesota. 
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In 1841 a treatise on auscultation was written by Barth and Roger’ who 
although they accurately summarized Fisher’s work, even to his conclusion 
that the cephalic bruit did not exist in a normal state and was pathologic in 
import, commented that to that time no trained observer in France had been 
able to confirm his results. 

Whitney“ reported that he had encountered this cephalic systolic bruit 
in association with eight conditions. He listed an aneurysm of the basilar 
artery, and mentioned a statement by Tweedie** to the effect that probably 
many times use of a stethoscope in cases of aneurysm would reveal a bruit 
(bellows murmur) and would facilitate diagnosis. This might have been 
the beginning of the misconception, so aptly denied by Beadles? at a later 
date, that intracranial aneurysms frequently are accompanied by a bruit. 

The early dispute over the significance of intracranial noises was not 
without its humorous side, for Kiihlbrand,"’ in 1846, reported the case of a 
woman who was using her lower jaw and tongue to cause noises which were 
heard in the head and which had caused much concern among the local 
physicians and had deceived many of them. 

One of the earliest definitive articles from Germany, perhaps the first 
and, according to some, the most complete, was contributed by Wirthgen*! 
in 1855. He suggested that there was an anatomic-physiologic reason for 
the intracranial bruit in some children and that the bruit was the shock of 
the carotid pulse transmitted along the great vessels of the skull. The skull 
bones increased the resonance and this was the cause of the intracranial 
bruit. Wirthgen stated that the reason a bruit may not be heard in very, 
very voung children is that the bones are too loosely united to provide 
resonance. 

Hennig,” writing a vear later, was of the opinion that the source of the 
cephalic blowing sound was in the arterial system, but he did not think the 
sound was the result of vibration of the arterial walls themselves, or of the 
noise they communicate to the cephalic mass or to the walls enclosing the 
cephalic mass. He concluded that if the arterial svstem is the source of the 
noise, it must be the intracranial venous system that transmits it. 

In 1859, in a rather extensive article, Rilliet® summed up much of the 
material on cranial murmurs and added some thoughts of his own. To that 
time, it was apparent that there was a complete divergence of opinion be- 
tween American and German physicians on two points. Wirthgen*! and 
Hennig” were certain that the cephalic blowing sound (bruit de souffle) in 
infants could be observed in healthy children, whereas Fisher,’ the American, 
was equally certain that the noise did not exist intracranially in a healthy 
young individual. The German physicians Wirthgen and Hennig claimed 
that the cephalic bruit disappeared as the intracranial pressure increased. 
Fisher,*:* on the other hand, believed exactly the opposite: that the cephalic 
blowing sound in children was caused by increased cerebral pressure. 

Then Rilliet® added his opinion to the controversy and stated that in- 
creasing intracranial pressure caused the cephalic bruit to cease. He stated 
also that chronic pressure could cause the bruit to disappear and disagreed 
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with Hennig and Wirthgen that the cerebral tension needed to increase 
rapidly to have this effect. 

Roger,?’*° writing at about the same time as Rilliet, that is, 1859-1860, 
analyzed some 300 observations on head noises and came to the following 
conclusions: that on careful auscultation of the head only a single noise, the 
cephalic blowing sound, would be detected. He did not feel that there was 
cerebral egophony, which might have been characteristic of either cerebral 
effusion or apoplexy, or any other intrinsic noise in the head. Furthermore, 
he expressed the opinion that no affection of the head could be accurately 
diagnosed on the basis of a bruit de souffle. He stated that the bruit de souffle 
is a noise frequently associated with chloro-anemia in very voung patients, 
but rarely with cerebral disease. He also noted the common occurrence of 
this cephalic bruit in children having rickets, and emphasized the fact that 
rickets should not be considered as a disease of the skeletal system but of 
the blood; thus he conveved his idea of the relation between cephalic bruit 
and anemia in infants. 

In 1861, Henoch” stated that the important decision to make was 
whether or not a systolic blowing murmur in the head of infants was of 
pathologic import. After a review of the available material Henoch decided 
that the cephalic bruit de souffle in infants was pathologic and did not repre- 
sent a normal physiologic mechanism. 

Somewhat later, in 1877, Jurasz'® concluded that the systolic murmur in 
the brain occurs in children from the third or fourth month of life until the 
fourth to sixth vear. He considered that the bruit was in direct relation 
to the development of the base of the skull, especially that of the carotid 

‘anal and the foramen spinosum. Jurasz stated that these murmurs are 
physiologic in origin and only rarely have pathologic significance. For this 
reason, he did not consider systolic brain murmurs in children as diagnostic 
criteria in cranial disease. 

One vear later Epstein® presented the view that brain noises in children 
were an expression of the carotid artery, and also of the noises arising from 
the large intracranial arteries. The most favorable age for the origin of the 
bruit was the last half of the first vear of life and the entire second vear. In 
his experience Epstein felt that the exceptional boundaries might include 
the third month to the sixth vear of life. He stated that childhood, particu- 
larly the first vear of life, offered an especially favorable chance for the origin 
of these vascular noises in the organization of the child’s beginning. He con- 
cluded that brain noises were not a pathologic happening. 

In 1880 Osler” wrote his classic article “On the Systolic Brain Murmur 
of Children,” which most subsequent reviewers on this subject have used 
as their basic reference. Osler wrote his article in an effort to redirect medical 
attention to auscultation of the head and its importance. He presented the 

rarving opinions of many of the afore-mentioned authors, but did not ven- 
ture a statement as to the explanation of the systolic murmur encountered 
in some young children. 

A year later Tripier*’ stated that one must, by exclusion, place the origin 
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of the systolic blowing intracranial murmur in the terminal portion of the 
internal carotid artery at the level of the point of entrance into the cranial 
cavity. In anemia resulting from hemorrhage, cachexia and chlorosis, the 
cephalic bruit is encountered while the symptoms of anemia are particu- 
larly intense and of long duration. He stated that a cephalic bruit without 
a murmur at the base of the heart and especially without anemia should 
cause the examining physician to consider the possibility of compression 
of the internal carotid artery at the level of its terminal portion. 

It is important to distinguish between the cephalic blowing sound in 
which the bruit is continually being reinforced, Tripier stated, and that in 
which the bruit appears intermittently, produced either by communication 
of the carotid artery and cavernous sinus or by aneurysms of the carotid or 
ophthalmic arteries, because in all these cases he felt characteristic signs 
would be present in the orbit on the same side. 

Somewhat later Rohde*! quoted much of the available controversial in- 
formation, and listed Roche’s®* eight points published in 1859 which seemed 
of interest. 

Roche had stated that brain noises are very common in small children 
when they have anemia. During dentition and the first vear of life anemia is 
common, and so, according to Roche, are brain noises. They are prominent 
also in whooping cough, but they are not common in rickets. As previously 
mentioned, Henoch considered brain murmurs to be symptoms of rickets. 

A little earlier (1863) von Rittershin® had explained that brain mur- 
murs are found only in children with open fontanelles and therefore were 
not of any diagnostic significance. In his review Rohde finally concluded 
that fontanelle noises were pathologic occurrences. 

It is of interest, however, to note that in his Lectures on Children’s 
Diseases Henoch" stated that he and Wirthgen directed attention to the 
physiologic occurrence of this bruit between the twenty-second or twenty- 
third month of life at the time of closure of the fontanelles by ossification. 
Henoch, in agreement with Roger,?*:*" stated the opinion that the so-called 
brain murmur was of no interest from the clinical point of view. 

Until Beadles” article in 1907 on aneurysms of the larger cerebral ar- 
teries, contributions by Richardson,” Teleky,** Robertson,?* Lane,'* Oliver?! 
and others were of some interest but added little to the over-all knowledge of 
the subject of brain murmurs in children. 

Beadles’ paper was of particular interest because he reviewed 555 cases 
of intracranial aneurysm. According to Parker” he made the following state- 
ment: “I doubt if more than a couple of living physicians have ever seen a 
case (of aneurysm) in which a murmur has been audible, and in which the 
evidence is conclusive that the patient had a true aneurysm of a cerebral 
artery.” 

Some vears later (1921) Still wrote on “Cephalic Bruits in Children.” 
He stated that most textbooks passed over the subject of intracranial bruits 
in children, partly because the bruits had no recognized pathologic signifi- 
cance. 
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Still reviewed much of the literature referred to in this report, but stated 
that his chief interest was centered on the bruit heard in children whose 
fontanelles were already closed. He mentioned that he was entirely unable 
to connect the cephalic bruit with any particular morbid condition among 
the 30 children in whom he detected it. In the 30 cases many diseases were 
represented: scurvy, epilepsy, achondrodysplasia, nephritis, asthma, con- 
genital syphilis, congenital heart disease, acidosis and dyspepsia; four 
children did not have any disease at all. 

Cushing and Bailey‘ mentioned that they considered auscultation of 
the head, used to detect bruits in children, to be a lost art. 

Hamburger’s" excellent paper on intracranial bruit was not published 
until 1931. He stated that cephalic murmurs in children prevail particu- 
larly during the second year of life, and during this period they occur about 
two and a half times as frequently as in the first vear of life. Although 
anemia and rickets were pointed out as causative agents of head murmurs 
of infants, anemia, whether it was accompanied by rickets or not, was not a 
necessary part of the picture. These infantile bruits can be heard in entirely 
healthy children, and, according to Hamburger, there is no record that a 
murmur may have persisted until adult life. 

Other types of murmurs that may be encountered are those of arterio- 
venous fistulous origin and those associated with rare cases of carotid an- 
eurysm, occasional orbital neoplasms and still rarer cases of true aneurysm 
of the ophthalmic artery. Another variety of cephalic murmur of intracranial 

vascular origin discussed by Cushing and Bailey‘ is that which accompanies 
cerebral aneurysmal angioma. 

In addition to these afore-mentioned bruits, murmurs have been heard 
in the presence of intracranial lesions, tumors, cysts and so forth.!:?°:*? 

Sears,” in an extensive article published in 1938, considered the mech- 
anism of the production of the cephalic bruit in childhood as unknown, but 
reiterated the following suggestions: that the condition is attributable to a 
temporary stenosis of the internal carotid artery in the carotid canal because 
of the increase in the volume of the rest of the artery that is out of proportion 
to the rate of growth of the bony canal, or a similar state of affairs causing 
an increased tortuosity of the artery at the base of the skull in childhood 
that tends to straighten out as the skull grows and thus abolishes kinking 
of the artery. 

According to Sears, evidence was not available to show that the bruit 
persisted until adult life. He concluded that the appearance of a cranial 
bruit in childhood in the absence of any other neurologic lesion is of no 
pathologie significance, but agreed with Still that it is useful to know of its 
occurrence and its innocence. 

Dalsgaard-Nielsen®> based his report on the cases of 2,000 patients on 
whom systematic auscultation had been carried out. He stated that a 

vascular sound is heard in a good many normal children, and the maximal 
incidence is encountered in the age group from 6 to 16 months. After this 
the incidence rapidly drops and no vascular sound is heard in older children 
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or adults. He stated that the frequency of vascular sound is slight in children 
less than 6 months of age, and in the author’s series vascular sound was not 
heard in infants less than a month old. 

Dalsgaard-Nielsen described the vascular sound as being heard on aus- 
cultation over the anterior fontanelle in children and the disappearance of 
the sound at the age when the infant’s fontanelle closes. He described the 
sound as faint, soft and blurred without color or distinct limits. The sound 
also apparently is not permanent and not infrequently, according to the 
author, subsides during auscultation. He related that this cranial bruit is a 
physiologic vascular sound that is heard in healthy voung children and does 
not arise in the arterial part of the cranial circulatory system but is derived 
essentially from the venous portion of the cranial vessels. On the other hand, 
he recognized that an intracranial vascular sound in older children or 
adults is definitely of pathologic significance. 

Interestingly enough, Fay,’ in 1940, briefly discussed the diagnosis of 
intracranial disease by the use of auscultatory percussion of the skull, and 
then in 1941 Marie and co-workers?’ reported the discovery of a tumor by 
auscultation in a child 2 vears and 9 months of age. 

A review of the literature on cephalic bruits was presented by Mackby'® 
in 1942. Ford,’ in 1944, discussed the subject of cranial bruits in childhood 
briefly, but drew largely on reports by Osler and Hamburger. 

Ford stated that a number of different types of intracranial bruits may 
be encountered during childhood. Some of these are indicative of serious 
conditions and others are apparently without pathologic significance. He 
discussed the systolic murmurs of early childhood, stating that in his 
opinion anemia is the usual cause of these benign murmurs. He made an 
interesting point, however, in stating his hesitancy to give a good prognosis 
to the parents if the infant should have an intracranial bruit and normal 
hemoglobin. 

The most recent contribution to the subject of auscultation and intra- 
cranial disease at the time of this writing is that of Burklund,’ published in 
June, 1953; this article reiterates many of the points already touched on in 
the articles mentioned herein. 


CONCLUSIONS 


On the basis of many detailed reports, several conclusions seem valid 
concerning the cranial systolic bruit encountered in infaney and early child- 
hood. Through the years opinions have varied greatly as to whether these 
bruits are physiologic or pathologic, arterial or venous. The actual incidence 
among children is unknown, although conjecture has established the occur- 
rence of this entity as both frequent and rare. 

Certainly very little basic physiologic research has been reported to 
elucidate the mechanisms and significance of this phenomenon. Almost uni- 
versal agreement exists, however, as to the age of occurrence and maximal 
incidence and length of duration. In addition there is wide accord as to the 
rarity of persistence of this cranial symptom until adult life. 
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In the opinion of the reviewer, it seems likely that if auscultation is 
carried out in infants and younger children with the idea of detecting such 
cranial systolic bruits these sounds might be encountered more frequently. 
In the neurologically normal infant showing adequate progressive develop- 
ment the examiner might assume the benignity of the symptom, but should 
reserve his final opinion until time and growth have proved his assumption 
to be correct. Auscultation of the carotid arteries in the neck should always 
be done because sometimes the bruit may be heard here and transmitted to 
the head. Anemia as a contributing factor might well be remembered, but 
the presence or absence of this laboratory finding should not encourage or 
dishearten the physician in his over-all appraisal until continued growth of 
the child has elucidated the problem. Ford’s!® warning concerning the pres- 
ence of a cranial bruit and normal hemoglobin seems worthy of reiteration. 

The discovery of an intracranial systolic bruit in a neurologically normal 
infant or voung child should be deemed worthy of notation and judicious 
observation, with the mental reservation on the part of the physician of a 
usually favorable outlook. Once again the words of Osler, Cushing and many 
others, that the art of cranial auscultation has been largely overlooked 
bear repetition. 
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umors of the spinal cord in children are relatively infrequent. During 

the past 25 vears at the University Hospital and the Graduate Hospi- 
tal of the University of Pennsylvania, a series of 409 spinal cord 
tumors were treated, and of these 30 were in children under the age of 15 
years. The ages at which these tumors occurred are shown in Table 1. It 
should be pointed out that the present study deals with only primary 
tumors involving the spinal cord, with the exception of 2 epidural abscesses. 
Thus, metastatic tumors or seeded tumors, such as those of cerebellar medul- 
loblastoma, have not been included. As far as the site of spinal cord tumors 
in children is concerned, it has been noted in our series that their frequency 
at different locations corresponds to the relative length of the spinal seg- 
ments (Table 2). It is curious that in children one of the major difficulties in 
diagnosing these lesions is the fact that symptomatology is usually first 


TABLE 1 


Incidence of 409 spinal cord tumors at various ages 


Years | No. of Tumors 
0-9 10 
10-15 | 20 
16-19 26 
20-29 54 
30-39 54 
40-49 84 
50-59 100 
60-69 53 
70-79 7 
TABLE 2 


Location of 30 spinal cord tumors in children 


Cervical | 8 
Thoracic 14 
Lumbar | 5 
Sacral 3 
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noted following a relatively minor injury. Hence, it is common that the 
actual onset is clouded and unnoticed and the early symptoms are associated 
with the usually totally irrelevant trauma. We found that symptoms were 
‘arely present for more than 6 months, but again it was difficult to be sure 
because of the rapid growth and development of the child and the ability of 
the child’s nervous system to compensate for mild neural damage. In 15 
of our cases the clinical symptoms were present for 4 to 6 months; in 11 
patients there was a 2 to 3 months’ duration and in 4 patients the symptoms 
were of less than 1 month’s duration. 


DIAGNOSIS 

Once the suspicion has been aroused that possibly the child is presenting 
symptoms of spinal cord tumor, diagnostic measures should be undertaken 
without delay. Of primary importance is the neurologic examination which 
should be carried out preferably by a neurosurgeon or neurologist. This 
should include a careful search for the presence of muscular weakness with 
specific localization of any weakness to the groups and single muscles in- 
volved. There should be a meticulous sensory examination, including tests 
of the senses of pain, temperature, and light touch, which is best done with 
von Frey hairs when the child is able to cooperate. We emphasize the im- 
portance of the sensation of light touch because we have found frequently 
that a level to pain and temperature may be as much as five segments 
lower than the level to light touch. Tendon and skin reflexes should be tested 
and discrepancies in laterality noted, and, likewise, an attempt should be 
made to elicit the anal and cremasteric reflexes, the absence of which is often 
associated with lesions of the cauda equina. It is important to determine 
whether or not there is involvement of the bowel and bladder. This may be 
difficult in a child but is essential to future evaluation. The neurologic ex- 
amination should usually determine the presence of a tumor, the approxi- 
mate level of the lesion, and whether or not there is evidence of spinal shock 
or spasticity. For the sake of simplicity we feel that spasticity is best de- 
fined as an increased resistance to passive movement in the limb examined, 
plus hyperactive tendon reflexes, usually associated with a positive Babin- 
ski sign and ankle clonus. 

Much added information may be obtained at this stage by electro- 
myography and strength-duration curves. These are not always necessary 
but frequently aid in detecting specific motor weaknesses by the absence of 
normal motor unit firing in the electromyogram, and the determination of 
whether or not atrophy is caused by disuse or a lower motor neuron lesion 
in the case of chronaxies. When there is known dysfunction of the bladder 
a preoperative cystometrogram is essential in order to evaluate the full ex- 
tent of the damage, and to serve as a base line for possible postoperative im- 
provement. Whenever there are signs of atonic bladder, we feel that it is 
best to place an indwelling Foley catheter in the bladder as soon as the diag- 
nosis is made. There is adequate evidence for both the use of tidal drainage, 
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or the use of intermittent drainage by keeping the catheter clamped and re- 
leasing it every 4 hours. The fact that tidal drainage possesses certain simi- 
larities to the normal physiology of bladder distention makes it somewhat 
the more favorable procedure. If there is a severe degree of paralysis present, 
one should consider the possibility of breakdown of the skin and the ad- 
visability of using an oscillating bed with a variable pressure mattress to 
avoid venous congestion or excessive pressure at any one point. 

In our series of cases, the commonest preoperative neurologic finding was 
a sensory level to pin-prick, which was present in 18 patients (Table 3). The 
initial symptom of greatest frequency was that of pain, which was present 
in 15 patients, including 3 with intramedullary tumors. The fact that an 


TABLE 3 


Frequency of preoperative neurologic findings in 30 cases of spinal cord 
tumor in children 


Location of Tumor 


Extramedullary Intramedullary 


Preoperative Findings Extradural 
Spinal shock | 1 @ 1 
Spasticity of legs* | 4 1 6 i 
Bladder or bowel dysfunction 2 § 1 
Pain as initial symptom & | 
Weakness as initial symptom | 1 $ | 1 + 2 1 
Sensory change as initial symptom 1 | 1 
Paraplegia (total) $ 4 1 2 
Sensory level to pinprick 2 41 


* Bilateral Babinski, increased tendon reflexes, ankle clonus, and increased resistance to passive 
movement. 


intramedullary lesion may produce pain is brought out by our series of 
syringomyelia in adults, which showed that in more than half the cases 
pain was a common early symptom. 

For the purpose of elucidation we are presenting 2 typical cases to illus- 
trate some of the points mentioned. 


REPRESENTATIVE CASES 

Case 1. R.O., a 12-year-old white male, was admitted to the Hospital of the 
University of Pennsylvania on June 11, 1952 with a chief complaint of paralysis of 
the legs of sudden onset. He had been in his normal state of health until 1 month 
prior to admission when he first noticed a slight numbness of the right foot, but he 
was able to continue his daily activities without difficulty. One week before admis- 
sion the patient fell from his bicycle when he went over a stone wall. There was no 
immediate injury apparent but, within 24 hours, he noted numbness of the left 
foot. The same day his mother first noticed that he tended to drag his legs a bit, and 
that night it was discovered that he was unable to void. He was admitted to a local 
hospital and transferred to the University Hospital 3 days later. 
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Examination, On admission the patient had a flaccid paraplegia. There was a 
sensory level up to T9 bilaterally with loss of all modalities. There was loss of all 
reflexes of the lower legs and the lower abdominal reflexes were absent. The cremas- 
teric reflexes were diminished but the anal reflex was normal. The patient showed 
priapism and some nuchal rigidity. 

Roentgenograms of the spine showed no abnormalities. Lumbar puncture on 
the day of admission showed an initial pressure of 140 mm. of water, and revealed 
clear cerebrospinal fluid. Queckenstedt’s test was negative and did not suggest a 
block. The following day myelography was done and no block was noted by fluoros- 
copy. The myelograms showed a fusiform dilatation of the opaque column extend- 
ing upward at the level of the 9th thoracic interspace. Because the films were inter- 
preted as indefinite, myelography was repeated 12 days later when an additional 3 
cc. of dye were used. At this time 9 cc. were injected, and again the changes suggested 
a swelling or tumor at the level of T9 or T10. 

Operation. An intramedullary spinal cord tumor was found. It extended from 
the 8th to the 10th thoracic segment of the spine. About 80 per cent of the tumor 
was removed by splitting the posterior columns and sucking out the intramedullary 
tissue. 

Pathologie Diagnosis. Ependymoma. 

Postoperative Course. The patient regained some sensation but no motor function 
of the legs. He received intensive roentgen-ray therapy consisting of a tumor dose 
of 3600 r. He survived 18 months after operation and died in his home of extensive 
tumor recurrence. 


Case 2. G.S., a 15-year-old school boy, was admitted to the Hospital of the 
University of Pennsylvania on April 9, 1941, with a complaint of numbness and 
weakness in both legs. He had been in his normal state of health until 13 years previ- 
ously when he had three or four attacks of dizziness associated with epigastric pain 
and pain in the lower ribs. Six months prior to admission he began to complain of 
attacks of pain over both the anterior and posterior portion of the lower ribs. These 
attacks of pain increased until they came on several times weekly. Six weeks before 
admission the patient began to note numbness and weakness in his legs, although 
on closer questioning it was found that the legs had been getting slightly weak for 
a period of 1 year. One month prior to admission the patient went to bed since his 
legs had become so weak that he could hardly walk. Two weeks later he was ad- 
mitted to his local hospital where roentgenograms of the spine and lumbar tap were 
reported to be normal. From there he was transferred to the University Hospital. 

Examination. On admission the patient had a severe paraparesis. There was a 
sensory level to T8 for all modalities including position sense. The lower abdominal 
reflexes were absent and there was a bilateral Babinski reflex with ankle clonus. 
The muscle tone in the legs was increased, with hyperactive tendon reflexes. There 
was poor anal sphincter tone and there was some urinary retention, necessitating a 
catheter. Lumbar puncture revealed xanthochromic fluid with a pressure of 170; 
protein was 575 mg. per cent. 

Queckenstedt’s test indicated a complete block. Roentgenograms of the spine 
showed some changes in the bone at T10, suggesting a degenerative disease. A 
myelogram was done using Lipiodol, and this revealed a complete block at the level 
of the spinous process of T7. 

Operation. On April 10, 1941, laminectomy of T5, 6, 7, and 8 was done which re- 
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vealed a large epidural tumor involving the bone at T6-T7. The majority of the 
tumor was removed, including the involved bone, but it was impossible to extirpate 
it completely. The dura mater was opened; there was no intradural extension of the 
tumor. It was then sutured without further manipulation. 

Pathologic Diagnosis. Giant cell tumor of bone. 

Postoperative Course. The patient did well and had very little difficulty in void- 
ing. At the time of discharge on April 27, 1941, there was still a partial sensory 
level to T9 bilaterally. Some movement of the legs had returned. When last heard 
from, in November, 1954, the patient’s condition was completely normal. He was 
attending Theological Seminary and leading a full time life as a student, engaging 
in extracurricular sports. He had no return of any of his previous pain or weakness 


Comment. Case 1 illustrates the insidious onset that may occur in chil- 
dren and the ease with which these tumors may be associated or confused’ 


TABLE 4 


Diagnosis of spinal cord tumors in children 


11 Routine roentgenograms diagnostic 

17 Queckenstedt positive 

7 Queckenstedt negative 

6 Queckenstedt not recorded 

13 Protein >100 mg.%; 11 had positive Queckenstedt 


with trauma. In this particular case it is also apparent that spinal shock 
may result when a tumor is growing rapidly, possibly because of sudden im- 
pairment of the vascular supply of the cord with resulting ischemia. In 
Case 2 it is noteworthy that with epidural tumors pain can be the initial 
symptom because of dorsal root compression. As these tumors grow, how- 
ever, they tend to compress the cord, producing weakness and numbness of 
the extremities. Case 2 also illustrates the possibility of a long-term cure 
in cases of benign tumor, in spite of an incomplete removal. 

In our group of 30 tumors, 11 could be diagnosed by routine roentgeno- 
grams of the spine (Table 4). Of the 11 tumors that produced radiologically 
visible changes in the bone, 6 were extradural, 3 extramedullary and intra- 
dural, and 2 were medullary. The changes commonly noted were gross 
destruction of bone, widening of the interpedicular space, or erosion of the 
pedicles. Fig. 1 shows the marked bony destruction of the sacrum in a case 
of giant cell tumor. 


LUMBAR PUNCTURE 


Although generally considered a relatively mild diagnostic study, we 
have become more and more aware that puncturing the subarachnoid space 
in itself may lead to severe neurologic deficit in the presence of a high spinal 
cord tumor or cervical dise. Thus, in a small percentage of cases, we have 
noted rapid onset of hemiplegia or quadriplegia within a period of 2 to 8 
hours following lumbar puncture. It is for this reason that we believe lum- 


18 Myelography required 
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Fig. 1. Erosion of the left side of the sacrum by a giant cell tumor. 


bar puncture should be done cautiously, when one is suspicious of spinal 
cord tumor, and that this procedure should be done after plain roentgeno- 
grams of the spine have been taken. When manometric studies or xantho- 
chromic cerebrospinal fluid indicate the presence of a block, a small amount 
of Pantopaque injected at this time will eliminate the need for an additional 
lumbar puncture. In this way it is often possible to combine myelography 
with the initial lumbar puncture. One must keep in mind, when there is a 
deficient circulation of spinal fluid as with a complete block, that the irri- 
tating qualities of any contrast medium will be increased because of the 
more or less focal position of the dye. At present, Pantopaque is the contrast 
medium of choice. 

The Queckenstedt test was positive in 17 of the 24 cases in which it was 
recorded. The protein content of the cerebrospinal fluid was elevated in 13 
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cases (Table 4). The value of my- 
elography in confirming the neuro- 
logic findings cannot be overesti- 
mated. Meticulous as one is with 
the neurological examination, it is 
common to be one or two segments 
off in outlining the lower pole of the 
tumor. With myelography this is 
done with great precision and per- 
mits a minimal-size incision for 
maximum exposure of the tumor. 
Fig. 2 shows the defect in a case of 
an extradural tumor at T4. An in- 
tramedullary cord tumor outlined 
by Pantopaque at T10 is shown in 
Fig. 3. In some cases of spinal cord 
tumor it may be desirable to outline 
the upper limits of the lesion and in 
these cases we do a cisternal punc- 
ture and put in 2 or 3 ce. of radi- 
opaque dye from above the tumor. 
The disadvantage of this diagnostic a 
procedure is that there is a certain 
danger associated with cisternal 
puncture and it is almost impossible 
to remove the contrast medium before the operation. In Fig. 4 is shown a 
case in which cisternal myelography has outlined the upper level of a tumor 
at 


Fic. 2. Myelographic block at T4 caused by 
an extradural tumor. 


PATHOLOGY 


The pathologic types of the 30 spinal cord tumors, with reference to 
their location, are shown in Table 5. For the purposes of this study the vari- 
ous types of gliomas, neuroblastomas, lymphoblastomas, and sarcomas have 
been classified as malignant. Although it can be seen that all the intra- 
medullary tumors were malignant, little in the way of further conclusion 
can be drawn concerning the relevance of tumor cell type and the position 
of the lesion. One may say that it is more common for a tumor to be benign 
if it is in an extradural or extramedullary position. It is also interesting that 
some tumors, such as ependymomas, may occur either as intramedullary 
tumors, or as extramedullary lesions in the cauda equina. Similarly, the 
neurofibromas were found to occur either as an extradural lesion, or as an 
intradural but extramedullary type of lesion. In this series, 17 tumors were 
benign and 13 were found to be malignant. 

It is interesting to note that meningiomas were our commonest type of 
tumor as well as being the commonest intradural tumors. This has not been 
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Fic. 3. Myelographic defect caused by an intramedullary tumor at T10. 


true in other series, however, for Svien, Thelen and Keith? found no menin- 
giomas in their series while Ingraham and Matson! found only 2 meningio- 
mas out of 63 tumors. Similarly, Ingraham and Matson! found that tera- 
tomas and dermoid cysts were their commonest pathologic types, comprising 
33 per cent of their entire series while we have none of these types. This 
illustrates the great variation from clinic to clinic, and shows the difficulty 
of comparative studies on a statistical basis. 


SURGICAL TREATMENT 


When the tumors are extradural it is our practice not to open the dura 
mater, for if this is done some of the blood vessels in the dura mater and 
arachnoid will be automatically sacrificed, and, when there is already neuro- 
logic deficit, it is best to conserve every bit of both the arterial and venous 
supply. Similarly, when the tumors are intramedullary, as a rule we do not 
open the arachnoid over an area wider than is necessary. First of all, the arach- 
noid serves as a protective covering over the cord and normal spinal fluid 
pathways are more readily re-established when it is left intact; and secondly, 
a goodly number of fine blood vessels run in the arachnoid which frequently 
must be sacrificed during the course of its opening. A third advantage to be 
gained from leaving the arachnoid as intact as possible is that, when it is 
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Fic. 4. Cisternal myelogram showing block at upper pole of tumor at T1. 


found advisable to leave the dura mater open, one then has the secondary 
protection of the arachnoid over the cord. We never hesitate to leave the 
dura mater open if the cord is swollen when we have been dealing with an 
intramedullary tumor that is likely to recur. The added decompression is 


TABLE 5 


Pathologic diagnoses in relation to position of spinal cord tumors in children 


Extradural—12 


12 | Intramedullary—6 
Giant cell tumor 3 | Meningioma 5 | Astrocytoma $ 
Sarcoma 2 | Neurofibroma 2 Ependymoma , 
Abscess 2 | Neuroblastoma 1 Spongioblastoma 1 
Neurofibroma 1 Ependymoma 1 | 
Neuroblastoma 1 Cystic tumor 1 
Tuberculoma 1 Vascular malformation 1 | 
Cyst 1 Neuroepithelioma 1 

1 


Lymphoblastoma 
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well worth while and we have not found any harm to come from this pro- 
cedure. The greater the neurologic damage before operation, the more care- 
fully should one avoid trauma in approaching these tumors, for part of the 
venous drainage of the cord occurs through venous sinuses which involve 
the bone, so that even increased removal of bone may cause deficiency in 
the venous drainage of the cord. Much bleeding is, of course, unlikely to 
occur with these lesions but, on the other hand, considerable venous bleed- 
ing may be encountered by going too far laterally and becoming involved in 
the epidural veins. Occasionally this is unavoidable and here it is wise to 
suture the dura mater back tightly over a thin strip of gelfoam placed in 
the lateral gutter. 

As mentioned previously, it is often difficult to diagnose tumors of the 
spinal cord in children because of the constantly changing and developing 
nervous system of these little patients. For this same reason, it is also easier 
for them to recover from a paraparesis than an adult. It is difficult to use 
strongly positive statements in the matter of prognosis, but certainly if a 
tumor is extradural or extramedullary, the prognosis is much better for 
these children. Although they seem to recover from paraparesis usually in a 
satisfactory manner, when there is a complete paraplegia the outcome is 
extremely grave. Thirteen of our patients were completely paraplegic at 
the time of surgery. Of these 9 had a flaccid type, and 4 had a spastic type 
of paraplegia. The only one of these children who improved postoperatively 
was one who showed flaccid paraplegia. The spastic paraplegias were ac- 
counted for by tumors in the upper and mid-thoracic area, whereas the 
flaccid paraplegias were caused by tumors distributed throughout various 
spinal levels. It is for this reason that we believe these spinal cord tumors in 
children should be regarded as an acute surgical emergency, as one would a 
brain tumor with increased intracranial pressure. 

FINAL RESULTS 

In Table 6 are outlined the ultimate results in our series of 30 patients. 
There were 2 operative fatalities (6.7 per cent). One of these patients had an 
intramedullary tumor in the high cervical region, and the other had an 
epidural spinal abscess of extreme degree which involved the entire cord as 
high as the cervical region. Both patients died of respiratory failure. It may 
be said that some of the patients were operated upon before the days of 
antibiotics. 


TABLE 6 


Final results in 30 cases of spinal cord tumor in children 


Malignant tumors 40.0% 


Benign tumors 60.0% 
Operative mortality (30 days) 6.7% 
Case mortality 37.0% 


Working or asymptomatic at end of 5 years 30.0% 
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In a 5-year follow-up study it was found that 9 (30 per cent) patients 
were totally asymptomatic, and either working or attending school full 
time. Nine patients were followed for more than 10 years, and of these 7 
were asymptomatic and either in school or working on a full-time basis. 
The 9 patients who were followed for 10 years or more, and who were placed 
in the class of 10-year cures, all had benign tumors except for 1 who had an 
ependymoma of the cauda equina which had been partially removed, with 
the dura mater left open. In this particular case, the patient had been fol- 
lowed for 20 vears and, while showing some neurologic deficit, there were no 
signs of recurrence. The tumors in the other 8 cases in this group were me- 
ningiomas (3), neurofibromas (2), benign cysts (2), and giant cell tumor (1) 
which was partially removed from the mid-thoracic region. Of the 2 patients 
followed for 10 years or more who were not totally cured from the neurologic 
point of view, one had the giant cell tumor and the other the ependymoma, 
both of which were partially removed. 

Considering that 13 of the total group of patients were paraplegic before 
surgery, the prognosis in these cases should not be considered hopeless by any 
means. However, the postoperative result will depend to a great extent on 
an early diagnosis followed by prompt surgery. And finally, even with early 
diagnosis and expert surgery an ultimate cure cannot be expected unless the 
tumor is of benign type. 

SUMMARY 


1. We have briefly reviewed our series of 30 tumors affecting the spinal 
cord in children of 15 years and younger. 

2. Recovery from a complete paraplegia of either the spastic or flaccid 
type is rare; and in this series only 1 of 13 paraplegics recovered voluntary 
movement after surgery. 

3. The onset is often obscure and of extremely short duration in chil- 
dren, because of their progressive growth and frequent history of trauma in 
this age group. 

4. The predominant neurologic sign in our series was a sensory level to 
pin-prick (60 per cent) while pain in the back at the level of the lesion was 
the commonest complaint (47 per cent). 

5. The operative mortality was 6.7 per cent, and a 10-year follow-up 
study showed that 30 per cent of the patients were alive and well. 

6. Sixty per cent of the tumors were benign and of those patients who 
were classified in the group of 10-year cures, all but 1 had benign tumors. 
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was first suggested by Bagley almost thirty years ago.*~°> From clinical 

and experimental studies of subarachnoid bleeding, he concluded 
absorption of some blood always takes place, but this is associated with 
meningeal thickening which may cause a block in the channels through 
which the fluid is returned to the blood stream. His experimental studies 
in dogs showed that ventricular enlargement did occur in 30 per cent of pup- 
pies after blood was injected into the cisterna magna. In both dog and man, 
he demonstrated meningeal thickening wherever blood came in contact 
with the meninges, even in the basal cisterns. He did not actually demon- 
strate a communicating hydrocephalus, though he did show that intermit- 
tent spinal fluid drainage produced clinical improvement. 

Although hydrocephalus following subarachnoid bleeding has been de- 
scribed previously,!:” a progressive obstruction in the cerebrospinal fluid 
pathways of the cisterns at the base of the brain which results in severe 
crippling neurological deficits, and impending death, has not been widely 
recognized.” Strauss et al.4 found 4 “incidental” cases of hydrocephalus 
without ventricular obstruction at necropsy in their first 13 cases of sub- 
arachnoid hemorrhage from aneurysms. Sweet! reported 2 cases in 1941 
following aneursymal rupture, neither recognized antemortem, and _re- 
viewed 6 other similar cases found in the literature. Strain and Perlmutter” 
were the first to designate the point of obstruction in a similar case and 
successfully treated their patient. Such a hydrocephalus can also follow 
subarachnoid bleeding from trauma, for Penfield and Cone® pointed out in 
1943 that “mild degrees of hydrocephalus may be produced by extensive 
bleeding into the subarachnoid spaces, which tends to block absorption of 
cerebrospinal fluid for some time after the accident.” 

Communicating hydrocephalus as a cause of progressing neurological 
deficits after subarachnoid hemorrhage appears to occur more frequently 
than the literature would indicate. During the past 3 vears, 10 such cases 
in our series have been recognized because of progressive neurological defi- 
cits. A larger group showed mild ventricular enlargement not associated 
with significant neurological dysfunction. These 10 cases fall into three 


Te relationship of subarachnoid bleeding to subsequent hydrocephalus 
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groups based on the etiology of the subarachnoid hemorrhage, namely 1) 
operative hemorrhage, 2) rupture of intracranial aneurysm and 3) head 
trauma. Brief clinical summaries of the cases in each group will be presented 
in sufficient detail to a) demonstrate the characteristic variability of signs 
and symptoms produced by this type of communicating hydrocephalus; 
b) show the need for pneumoencephalography at an early date in establish- 
ing the diagnosis; ¢) emphasize that profound and confusing neurological 
deficits associated with the hydrocephalus may be completely reversed by 
early treatment. 


CASE REPORTS 
I. SUBARACHNOID BLEEDING AT OPERATION 


Case 1. M.D., a 60-year-old white female. Diagnosis: Intracranial neurofibroma 
left vagus nerve. 

1st Hospitalization, Jan. 18, 1954—Mar. 26, 1954. 

History. Hoarseness, and weakness of left shoulder and neck for 6 months with 
increasing left occipital headache. Weakness and inaccuracy of left hand for 3 
months. 

Examination. Paralysis of left vocal cord, paresis and atrophy of left shoulder 
and muscles of the neck, bilateral nystagmus, weakness of left tongue, hyperactive 
reflexes of upper extremity on the left with ataxia, and an equivocal right Babinski 
sign were present. Spinal fluid pressure was 150 mm.; protein was 290 mg. per cent. 
Roentgenograms of skull were normal. 

Operation, Jan. 27, 1954. Ventriculography (Fig. 1A) and suboccipital craniec- 
tomy with resection of a neurofibroma of the left 10th nerve. At operation, done 
in the face-down position, a large artery in the tumor capsule bled profusely before 
it was clipped and blood spurted into and filled the basal cisterns anterior to the 
brain stem. 

Course. Postoperatively, an aseptic meningitis was present for 10 days. second- 
ary to break-down of the blood clot in the cisterns. The cerebrospinal fluid was 
xanthochromic and contained 2500 white blood cells; protein was 1400 mg. per cent. 
She improved and was asymptomatic from the 11th day until 6 weeks postoperative. 

On Mar. 2, 1954, cerebrospinal fluid pressure was 100 mm. The fluid contained 
no cells; protein was 128 mg. per cent. On Mar. 6, 1954 there was onset of severe 
vertigo, nausea, and vomiting associated with the slightest motion of the head. She 
became completely incapacitated and lost 16 pounds in 10 days because of vomiting 
and inability to eat. High doses of Dramamine were ineffective. 

On Mar. 16, 1954, pneumoencephalography (Fig. 1B) showed definite communi- 
cating hydrocephalus with enlarged ventricles as compared to the pre-operative 
ventriculogram. Spinal fluid pressure was 290 mm. 

On Mar. 17, 1954, a right external ventriculomastoidostomy was performed 
with rapid and complete relief of vestibular irritability. 

2nd Admission, Aug. 16, 1954. She had remained asymptomatic. Admission 
was to determine if the shunt could be terminated. 

Examination. Paralysis of the left vocal cord and paresis of the left neck and 
shoulder persisted. The ventriculomastoidostomy was functioning well. 

Course. On Aug. 22, 1954, pneumoencephalography (Fig. 1C) showed return of 


| 
1 
1 
, 
2 


Fig. 1. Case 1 (left vagus neurofibroma, intracranial; operative hemorrhage). Serial air studies, 
anteroposterior and lateral (“brow-up”) views. 

(A) Pre-operative ventriculogram, showing ventricles of normal size. 

(B) Pneumoencephalogram, 7 weeks after bleeding into basal cisterns, shows moderately dilated 
ventricles and subarachnoid block at upper cisterna pontis, with no hemispheral subarachnoid oxygen 
(every effort was made to fill subarachnoid spaces). Silver clip is on vessel that bled at operation. 

(C) Pneumoencephalogram, 5 months after ventriculomastoidostomy, shows return of ventricles to 
previous size, but subarachnoid block to oxygen in basal cisterns remains. Asymptomatic. 
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the ventricles to normal size, but still no subarachnoid air over the hemispheres. 
The shunt was not interrupted. 

Follow-up. On July 27, 1955, the only neurological deficit was paralysis of the 
vocal cord. She was otherwise asymptomatic. 


Comments. 1. The communicating hydrocephalus developed as a direct 
result of operative introduction of blood into the basal cisterns, reaching 
alarming clinical significance at 2 months. 

2. Completely incapacitating vestibular hyperactivity occurred second- 
ary to the communicating hydrocephalus. 

3. No papilledema was present at any time. The diagnosis was estab- 
lished only by pneumoencephalography. 

4. Complete relief of symptoms and signs of the hydrocephalus, in- 
cluding roentgenographic demonstration of reversal of the ventricular en- 
largement, followed the ventriculomastoid shunt. 


Case 2. T.J., 42-year-old white female. Diagnosis: Left acoustic neurinoma. 

Ist Hospitalization, Dec. 28, 1951—-Jan. 25, 1952. 

History. She had had left deafness for 3 years. Severe left occipitofrontal head- 
aches, dizziness, veering to the left, blurring of vision on the left, occasional left 
facial numbness, and episodic vomiting had appeared in the last 3 months. 

Examination. There was bilateral nystagmus, greater on left, with bilateral 
papilledema (2 D.). She had mild left facial weakness, hypesthesia of the left face 
and a decreased left corneal reflex. She tended to fall to the left and had ataxic 
movements on the left. Roentgenograms of the skull showed rarefaction of the left 
petrous ridge. 

Operation. On Jan. 4, 1952, a left acoustic neuroma was removed through a left 
occipital craniotomy. Intracapsular removal of the large cystic tumor was done 
medially but extracapsular excision was accomplished laterally. Moderate bleeding 
from the vascular bed of the tumor occurred during the operation with one episode 
of profuse bleeding from an artery in the capsule. 

Course. Postoperative lumbar puncture revealed grossly bloody cerebrospinal 
fluid with a pressure of 240 mm. The patient’s status improved but was complicated 
by a presumed exacerbation of a previously diagnosed schizophrenia. 

2nd Hospitalization, Mar. 4, 1952-Apr. 10, 1952. Headache and bulging de- 
compression had been present 1 week. Her schizophrenia apparently became so 
marked that she was sent to a state mental hospital on Apr. 10, 1952, where she 
was confined until May, 1954. 

3rd Hospitalization, June 29, 1955—Aug. 5, 1955. She had severe dizziness on 
motion of the head, recurrent headache, and occasional vomiting. The occipital 
decompression had been constantly tense for 6 months. Because of the diagnosis of 
schizophrenia much of her symptomatology had been discounted for over a year. 

Examination. Early choked dise bilaterally, nystagmus in all directions to a 
marked degree, paresis of the left 5th, 7th and 12th nerves and increased tone in the 
right arm were present. These deficits were variable. 

Course. On July 4, 1955, spinal fluid pressure was 240 mm.; protein was 346 mg. 
per cent. 

On July 13, 1955, combined ventriculogram-pneumoencephalogram indicated a 
communicating hydrocephalus (Fig. 2) with very large basal cisterns invaginating 
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Fic. 2. Case 2 (left acoustic neurinoma; operative hemorrhage). Postoperative air studies, lateral 
“brow up” views. 

(A) Ventriculogram shows dilated ventricles, including the 4th, with an oxygen bubble in the 
cisterna chiasmatica (arrows) and elevation of the floor of the 3rd ventricle (dots). 

(B) Additional oxygen by pneumoencephalogram shows distended basal cisterns (cisterna pontis, 
chiasmaticus, and interpeduncularis) invaginating the floor of 3rd ventricle. There is no subarachnoid 
air beyond these cisterns. 


the floor of the 3rd ventricle. There was no convincing evidence of recurrent tumor. 

On July 20, 1955, a left ventriculomastoid shunt caused immediate improve- 
ment in vision, loss of the dizziness and vomiting, and a soft decompression. 

4th Hospitalization, Dec. 2, 1955—-Feb. 15, 1956. Reappearance of headaches 
had occurred 1 week previously. 

Vxamination. The left occipital decompression was soft and pulsating. Second- 
ary optic atrophy was present to a minimal degree. Lumbar puncture showed 
normal pressure. 

Course. While in the hospital, spells of “feeling like falling” began. On Jan. 11, 
1956, lumbar puncture showed 350 mm. of pressure. The ventriculomastoidostomy 
was now no longer functioning. Revision of the shunt caused immediate improve- 
ment. On Jan. 25, 1956, spinal fluid pressure was normal. She was last seen on Feb. 
15, 1956, at which time she had no complaints, was doing well, and no further 
neurological deficits appeared. 


Comments. 1. The hydrocephalus apparently developed as a result of the 
blood that escaped into the basal cisterns at the time of operation. Symp- 
toms of the communicating hydrocephalus associated with a bulging of the 
operative decompression were present 2 months after surgery, though their 
actual significance was apparently completely overshadowed by her severe 
schizophrenia for over 2 years. The operative decompression probably was 
a most helpful safety factor. 

2. Progressive headache, vertigo with nausea and vomiting, and visual 
blurring occurred secondary to the communicating hydrocephalus. 

3. Papilledema did appear as a result of the communicating hydro- 
cephalus. The true diagnosis was established only by a combined ventriculo- 
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gram-pneumoencephalogram. The invagination of the floor of the 3rd ven- 
tricle by the distended huge basal cisterns was striking. 

4. Prompt relief of the presenting symptoms and signs followed ex- 
ternal ventriculomastoidostomy. 


II. SUBARACHNOID BLEEDING FROM INTRACRANIAL ANEURYSMS 


Case 3. D.R., 27-year-old white female. Diagnosis: Intracranial aneurysm, right 
internal carotid artery. 

History. The patient was found stuporous in her car following an automobile 
accident. 

Examination. A bruise of the right frontal scalp was present with ecchymosis of 
the right upper eyelid. The fundus was normal on the left. She was semicomatose 
and her speech was almost dysarthric. There was mild nuchal rigidity. Lumbar punc- 
ture showed a pressure of 400 mm. of cerebrospinal fluid, which was grossly bloody. 

Course. On May 15, 1955, lumbar puncture showed a pressure of 110 mm.; the 
spinal fluid was still grossly bloody. Improvement was satisfactory on bed rest. 

2nd Hospitalization, May 30, 1955—Aug. 8, 1955. Severe frontal headache had 
developed 1 week prior to admission, associated with staggering gait, confusion, 
and blurring of vision. She apparently was having auditory hallucinations. 

Examination. The patient was confused, disoriented, and semicomatose. The 
left pupil was slightly larger than the right. There was right lower facial weakness 
and left lateral gaze was not sustained. Questionable early edema of the optic discs 
was present bilaterally. 

Course. Ventricular tap yielded bloody fluid under 400 mm. of pressure. Ven- 
triculography on May 30, 1955 showed tremendous dilatation of the ventricular 
system. The release of the ventricular fluid caused a dramatic alleviation of her 
semicoma. Bilateral exploratory twist drill holes over the posterior fossa showed no 
posterior fossa subdural hematoma. 

On May 31, 1955, ventricular pressure was 390 mm. Release of the ventricular 
fluid again awakened the patient from a semicomatose state. In each instance, such 
arousal resulted in reappearance of auditory hallucinations. 

On June 1, 1955, continuous ventricular drainage for 5 days caused marked im- 
provement. The drainage was then discontinued. 

On June 12, 1955, semicoma had reappeared. Lumbar puncture revealed a pres- 
sure of 600 mm. of cerebrospinal fluid. Combined lumbar and ventricular punctures 
showed good communication. 

On June 23, 1955, bilateral arteriography demonstrated intracranial aneurysm 
of the internal carotid artery on the right associated with a sweeping course of the 
anterior cerebral arteries. 

From July 1, 1955 to July 5, 1955, daily lumbar punctures (600 mm. pressure) 
caused marked improvement from semicoma to almost normal alertness lasting 
10 to 12 hours. 

On July 5, 1955, pneumoencephalography (Fig. 3) showed marked communicat- 
ing hydrocephalus. 

On July 7, 1955, a right ventriculomastoidostomy caused immediate clinical 
improvement with normal speech, awareness of her surroundings, and the realiza- 
tion that her vision was markedly impaired. Bilateral early optic atrophy was 
present which appeared at this time to be primary optic atrophy. 
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Fie. 3. Case 3 (aneurysm of internal carotid artery, right). Pneumoencephalogram 7 weeks after 
bleeding. 

(A) Lateral “brow up” view, showing advanced ventricular dilatation and block to subarachnoid 
oxygen at cisterna chiasmaticus and interpeduncularis (arrows) with no hemispheral subarachnoid oxy- 
gen. 

(B) “Brow down” lateral view. The enlarged 4th ventricle was present in all cases. 


On July 26, 1955, minimal gross vision to light was present on the right only. 
She continued to improve satisfactorily otherwise. 

3rd Hospitalization, Sept. 25, 1955-Oct. 24, 1955. A lumbar puncture elsewhere 
on Sept. 19, 1955 had shown 400 mm. of pressure. She had become lethargic, had 
been hallucinating again and the severe bilateral optic atrophy was unimproved. 

Examination and Course. The patient showed moderate lethargy and was having 
episodes of auditory hallucinations. The shunt was not functioning. On Oct. 12, 
1955 revision of the ventriculomastoidostomy resulted in almost immediate im- 
provement in awareness and loss of hallucinations. Postoperative spinal fluid pres- 
sure was 80. 

4th Hospitalization, Feb, 23, 1956—Mar. 10, 1956. Mild reduction in psychomotor 
activity and increased lethargy had appeared 3 weeks prior to admission, associated 
with elevation of spinal fluid pressure to 400 mm. There was persistence of 95 per 
cent of her amaurosis. 

Examination and Course. Primary optic atrophy and moderate lethargy were 
present. Spinal fluid pressure was 460 mm. On Mar. 2, 1956, revision of mastoidos- 
tomy resulted in immediate improvement and normal cerebrospinal fluid pressure. 


Comments. 1. The communicating hydrocephalus developed as a result 
of two episodes of bleeding into the basal cisterns from the aneurysm of the 
right internal carotid artery. Symptomatic hydrocephalus was present 2 
weeks after the initial hemorrhage. 

2. Headache, confusion, semicoma, and auditory hallucinations were the 
clinical manifestations of the progressing hydrocephalus, repeatedly relieved 
by lumbar puncture and on three occasions by ventriculomastoid shunt. 

3. No frank papilledema was present at any time, but early loss of 
vision of maximum degree was present 5 weeks after the second hemorrhage 
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associated with development of primary optic atrophy. The true diagnosis 
of communicating hydrocephalus was not established by ventriculography 
or arteriography, but was firmly established by pneumoencephalography. 
4. Prompt relief of the incapacitating signs and symptoms of the 
hydrocephalus was achieved by external ventriculomastoidostomy. 


Case 4. M.J.R., 26-year-old white female. Diagnosis: Aneurysm, basilar artery. 

Ist Hospitalization, July 19, 1955. 

History. Four days previously, the patient was unconscious on removal from an 
automobile accident. No focal neurological deficits were reported. Lumbar punc- 
ture had showed grossly bloody cerebrospinal fluid with a pressure of 220 mm. She 
had regained consciousness after 10 hours, but had remained disoriented. 

Examination. The patient complained of severe headache and was disoriented. 
Left 6th nerve palsy, positive Babinski sign on the right, and nuchal rigidity were 
present. A moderately severe brain stem contusion was presumed to be secondary 
to head trauma. Roentgenograms of the skull were normal. 

Course. On July 31, 1955, vomiting episodes lasted for 2 days. Gradual improve- 
ment occurred on bed rest. 

On Aug. 2, 1955, the cerebrospinal fluid pressure was 180 and the fluid was xan- 
thochromice. 

On Aug. 6, 1955, sudden coma occurred with tonic left adversion. The cere- 
brospinal fluid was again grossly bloody, under a pressure of 8360 mm. Coma for 6 
hours was followed by gradual improvement. 

On Aug. 9, 1955, sudden coma occurred again with grossly bloody cerebrospinal 
fluid under a pressure of 600 mm. Complete right 6th nerve palsy, poor responses to 
pain in the arms and occasional decerebrate response in the right arm were present. 
Positive Babinski sign was present bilaterally. A diagnosis of intracranial aneurysm 
was made, 

By Aug. 22, 1955, gradual improvement had occurred, but the patient was dull, 
lethargic, and expressionless. Bilateral 6th nerve palsy was now present, and there 
was paresis of superior-inferior gaze on the right. The Babinski sign was present on 
the right only. Severe headache and a rigid stiff neck persisted. 

On Aug. 26, 1955, bilateral carotid arteriography did not reveal the cause of 
bleeding, but sweeping anterior cerebral arteries indicated large ventricles. 

On Sept. 1, 1955, vertebral arteriography showed the basilar artery to be de- 
formed at its upper portion, suggestive of a malformation or an incompletely filled 
aneurysm. 

On Sept. 2, 1955, early papilledema and tonic head-neck adversion to the left 
were present. Rapid progression from moderate lethargy to complete coma and 
nearly terminal state occurred that night. An emergency ventriculomastoidostomy 
was done under local anesthesia. The intraventricular pressure measured 700 mm. 
of clear cerebrospinal fluid. Immediate dramatic improvement followed this pro- 
cedure with rapid change from deep coma and flaccidity to a state of responsiveness 
with active reflexes. 

By Sept. 12, 1955, steady improvement had occurred. The patient was alert, 
oriented, and totally amnesic for the prior 2 months. A very flat affect and lack of 
psychomotor activity were present with only a minimal right 6th nerve palsy per- 
sisting. The cerebrospinal fluid pressure was 100 mm. and the fluid itself was normal. 

On Sept. 26, 1955, pneumoencephalography demonstrated a typical communi- 
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cating hydrocephalus of a moderate degree with the block to air at the basal cisterns 
(as in Fig. 1). 
On Oct. 18, 1955, her neurological findings were normal. 


Comments. 1. The communicating hydrocephalus resulted from sub- 
arachnoid bleeding caused by a basilar aneurysm. Three episodes of bleed- 
ing occurred. The hydrocephalus reached nearly fatal proportions 2 months 
after the first hemorrhage. 

2. A fatality from the complicating communicating hydrocephalus was 
narrowly avoided. Headache and disorientation, followed by lethargy and 
coma associated with bilateral 6th nerve palsy and pyramidal signs were 
caused by the hydrocephalus. The other brain stem signs were presumably 
secondary to the vascular lesion itself. 

3. Early papilledema was present. Diagnosis of the hydrocephalus was 
suggested by carotid arteriography, but was firmly established only by 
pneumoencephalography after emergency treatment had been done. 

4. Rapid and dramatic reversal of the nearly terminal state was achieved 
by the external ventriculomastoidostomy. Recovery to a normal neuro- 
logical status was achieved. 


Case 5. W.M., 66-year-old white male. Diagnosis: Basilar artery aneurysm. 

First Hospitalization, Nov. 15, 1953-Nov. 25, 1953. 

History. Collapse and coma occurred 3 weeks prior to admission preceded by 
severe occipital headache. Initially, there were frequent emesis, ptosis of the right 
eyelid, and grossly bloody cerebrospinal fluid. Coma persisted for 4 hours. Six days 
later, after almost complete neurological recovery with clearing of the cerebrospinal 
fluid, a second subarachnoid hemorrhage occurred, associated with stiff neck, right 
ptosis, dilated right pupil, hyperactive left tendon reflexes, and bilateral Babinski 
sign. The cerebrospinal fluid was again grossly bloody with a pressure of 600 mm. 
Semicoma had persisted during the following 10 days. 

Examination. The patient was comatose with severe nuchal rigidity and a 
dilated, fixed right pupil with right ptosis. There was no response to speech or pain- 
ful stimuli. Increased tone was present in the lower extremities with bilateral ex- 
tensor plantar responses and hyperactive tendon jerks. 

Course. On Nov. 20, 1953, bilateral carotid arteriography showed a small 
aneurysm on the right middle cerebral artery (considered to be incidental) and a 
sweeping course of the anterior cerebral arteries. Diagnosis of probable communi- 
cating hydrocephalus secondary to recurrent bleeding into the basal cisterns was 
made. 

On Nov. 25, 1953, vertebral arteriography was scheduled, but a third subarach- 
noid hemorrhage was fatal. 

Postmortem Examination. A large aneurysm of the basilar artery at its bifurca- 
tion into the posterior cerebral artery, measuring 1X2.5 cm., was present. The 
basal cisterns were obliterated with organizing and fresh clot. The entire ventricular 
system, including the 4th ventricle, was grossly dilated. The aneurysm of the right 
middle cerebral artery was unruptured. 


Comments. 1. The communicating hydrocephalus resulted from massive 
bleeding into the basal cisterns from a large aneurysm of the upper portion 
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of the basilar artery. The time from the first hemorrhage until enlarged 
ventricles were shown by arteriography was 4 weeks. 

2. No signs and symptoms can be attributed to the hydrocephalus. 

3. No papilledema was present. The diagnosis was firmly established 
only at postmortem examination. 

4. No operative procedure was done to treat the hydrocephalus. 


Case 6. V.H., 28-year-old white male. Diagnosis: Aneurysm of left anterior 
cerebral artery. 

First Hospitalization, Apr. 14, 1953—Jan. 10, 1954. 

History. The patient had a severe personality disturbance and “blackout” spells. 
While under psychiatric investigation, a subarachnoid hemorrhage occurred on 
June 2, 1953. 

Examination. On June 15, 1953, mild nuchal rigidity was present associated with 
an equivocal right Babinski sign. On June 16, 1953, carotid arteriography showed a 
large aneurysm of the left anterior cerebral artery (Fig. 4A). 

Course. On June 22, 1953, a second subarachnoid hemorrhage occurred and the 
patient rapidly deteriorated. Craniotomy was performed and the neck of the an- 
eurysm was successfully clipped with a large tantalum clip. Postoperative improve- 
ment was slow but steady over a 3-week period. 

On July 15, 1953, the personality disturbance reappeared. The patient was 
transferred to the Psychiatry Service. 

On Sept. 11, 1953, there had been 2 weeks of headache, steady deterioration, and 
episodes of catatonic-like spells lasting 10 to 18 hours. Postoperative arteriography 
showed non-filling of the aneurysm and a sweeping course of the anterior cerebral 
arteries (Fig. 4B). Spinal fluid pressure was 90 mm.; the fluid was normal. 

On Oct 29, 1953, pneumoencephalography demonstrated marked communicat- 
ing hydrocephalus with the block to oxygen at the basal cisterns. The patient had 


Fia. 4. Case 6 (aneurysm of anterior cerebral artery, left). 

(A) Left carotid arteriogram 2 weeks after bleeding shows aneurysm (arrow). 

(B) Ten weeks after craniotomy, arteriogram shows advancing ventricular enlargement and obliter- 
ation of aneurysm by clip (arrow). 
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Fia. 5. Case 6 (aneurysm of anterior cerebral artery, left). 

(A) Pneumoencephalogram 4 months after second bleeding from aneurysm shows extensive ventric- 
ular enlargement from communicating hydrocephalus with normal spinal fluid pressure; patient cata- 
tonic. 


(B) Two months after right external ventriculomastoidostomy, size of ventricles was reduced, 
spinal fluid pressure was normal, and patient was neurologically normal. 


progressed to a catatonic-like state with mask-like facies, complete and total dis- 
orientation, and bilateral pyramidal and extrapyramidal signs of a severe degree. 
He was barely vegetating. 

On Novy. 17, 1953, right ventriculomastoidostomy was done. The intraventricu- 
lar pressure was less than 50 mm. The neurological recovery during the next 4 days 
was startling. He became practically normal objectively, but memory deficits for 
the previous 2 months persisted. 

On Jan. 4, 1954, repeat pneumoencephalography showed definite decrease in the 
size of the ventricles though the communicating hydrocephalus persisted (Fig. 5). 

Follow-up. On July 5, 1955, the patient was normal neurologically and had re- 
turned to work. The ventriculomastoidostomy was still functioning intermittently, 


Comments. 1. The communicating hydrocephalus developed as a result 
of two episodes of bleeding into the basal cisterns from rupture of the an- 
terior cerebral aneurysm. Evidence of this hydrocephalus was present 10 
weeks after the last hemorrhage. 

2. Minimal headache, confusion, lethargy, catatonic-like state, and 
severe bilateral pyramidal and extrapyramidal signs were precipitated by 
the communicating hydrocephalus. 

3. No increase in intracranial pressure was recorded at any time. The 
diagnosis was first indicated by the repeat arteriography, and confirmed by 
pneumoencephalography. 

4. Dramatic reversal of a severely depressed, catatonic-like state was 
achieved by the ventriculomastoidostomy. Postoperative reduction in size 
of the ventricles was demonstrated by air studies. 


Case 7. J.D.M., 22-vear-old white male. Diagnosis: Aneurysm of right an- 
terior cerebral artery. 
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1st Hospitalization, May 26, 1954—June 6, 1954. 

History. Throbbing bitemporal headache of increasing severity had been present 
for 6 months. The patient had had a subarachnoid hemorrhage without focal 
neurological deficits 18 months prior to admission. Carotid arteriography (February 
1953) showed an aneurysm of the right anterior cerebral artery. 

Examination. There was no neurological abnormality. Roentgenograms of the 
skull were normal and serial electroencephalography indicated a deep subcortical 
lesion. Spinal fluid pressure was normal, and the fluid was normal. 

Course. On May 27, 1954, bilateral carotid arteriography showed a large an- 
eurysm of the right anterior cerebral artery. 

2nd Hospitalization, Oct. 13, 1954—Dec. 5, 1954. The patient had had two epi- 
sodes of severe bitemporal headache associated with stiff neck during the interval 
since discharge. No neurological deficits had occurred. Both episodes lasted 3 days. 

Examination. There were no neurological abnormalities. 

Course. On Oct. 5, 1954, repeat carotid arteriography again showed good filling 
of the right anterior cerebral aneurysm. The aneurysm had enlarged since the last 
arteriogram. The anterior cerebral artery followed a sweeping course. 

On Oct. 22, 1954, at craniotomy, the right anterior cerebral artery was occluded 
with a silver clip just proximal to the aneurysm. The postoperative course was very 
precarious for 8 days, followed by gradual improvement. He was normal neuro- 
logically 6 weeks after operation. 

3rd Hospitalization, Feb. 1, 1955-Feb. 12, 1955. No significant events had oc- 
curred in the interval. 

Examination. Neurological findings were still normal. 

Course. On Feb. 4, 1955, repeat carotid arteriography showed no filling of the 
aneurysm on bilateral ee The sweeping course of the anterior cerebral ar- 
teries had not changed. A diagnosis of arrested communicating hydrocephalus was 
made. No active treatment was warranted. 


Comments. 1. The hydrocephalus developed as a result of bleeding into 
the basal cisterns from rupture of the anterior cerebral aneurysm. At least 
—_ such hemorrhages had occurred. 

. No symptoms could be attributed to the arrested hydrocephalus ex- 
the mild headaches. 

3. No evidence of increased intracranial pressure or papilledema was 
present at any time. Hydrocephalus was obvious from the arteriograms, 
but final proof that it was a communicating hydrocephalus by pneumo- 
encephalography was not done. 

4. Lack of clinical symptoms together with evidence of no progression 
by serial arteriography indicated the hydrocephalus was arrested and no 
treatment was warranted. 


Ill. SUBARACHNOID BLEEDING FROM HEAD TRAUMA 


Case 8.5.L.S., 4-year-old white female. Diagnosis: Severe cerebral contusion. 

Ist Hospitalization, Jan. 15, 1954—Jan. 20, 1954. 

History. The patient had fallen from a moving car on Dec. 25, 1953. She had 
remained comatose since first seen. A basal skull fracture extending down into the 
foramen magnum was present. Antibiotics, nasal oxygen, and supportive care had 
been given for 3 weeks. 


| 
4 


558 ELDON L. FOLTZ AND ARTHUR A. WARD, JR. 


Fic. 6. Case 8 (head injury with subarachnoid bleeding). Pneumoencephalogram 9 weeks after in- 
jury, “brow up” and “brow down” lateral views. There is advanced ventricular enlargement, including 
4th ventricle, distended cisterna pontis and interpeduncularis (arrows), with no hemispheral subarachnoid 
oxygen. Suture lines are separated. 


Examination. The child was comatose, but would open her eyes on painful 
stimulation, without ocular fixation. Bilateral 6th nerve palsy, peripheral right 7th 
nerve palsy, and right facial hypalgesia were present. Reflexes of decerebrate type, 
in response to painful stimuli, were present in the left arm and leg. A right Babinski 
sign was present. Lumbar puncture yielded normal spinal fluid under normal pres- 
sure. Vitreous hemorrhages on the right caused blindness, but the left pupillary re- 
flexes were normal. She was alert, moving about well in bed, and eating at discharge. 

2nd Hospitalization, Mar. 1, 1954—Mar. 12, 1954. Three weeks of increasing leth- 
argy and occasional vomiting had occurred. Ten days prior to admission, roent- 
genograms of the skull showed separation of the sutures. Swelling over the site of 
the fracture at the foramen magnum had appeared. 

Examination. The patient was very drowsy, and would say “no” and “mama” 
only. Bilateral 6th nerve palsy was present. Bilateral amaurosis was present with 
extensive vitreous opacities in the right eye and optic atrophy on the left. There 
was increased extensor tone in the legs with bilateral Babinski sign. 

Course. On Mar. 2, 1954, pneumoencephalography showed extensive communi- 

‘ating hydrocephalus (Fig. 6) with ballooned and obstructed basal cisterns with no 
subarachnoid air over the hemispheres. 

On Mar. 5, 1954, right external ventriculomastoidostomy caused immediate 
improvement in consciousness. The occipital decompression became soft and pul- 
sating. 

Follow-up. On Nov. 12, 1954, the patient was alert and active. Except for 
minimal residua of brain stem damage, the major disability was blindness from left 
optic atrophy, and vitreous opacities in the right eye. 


Comments. 1. The communicating hydrocephalus appeared clinically 6 
weeks following severe bleeding around the base of the brain from trauma. 
2. Confusion and marked lethargy with a nearly terminal appearance 
were the only signs apparently produced by the hydrocephalus. The rest of 
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the disabilities appeared to be the result of the original brain stem trauma. 
3. High intracranial pressure caused separation of the cranial sutures. 
No papilledema was seen, though the right fundus was obscured. Pneumo- 
encephalography established the true diagnosis. 
4. Rapid reversal of the nearly terminal status occurred following ex- 
ternal ventriculomastoidostomy under local anesthesia. 


Case 9. R.E.S., 64-year-old white male. Diagnosis: Head trauma with subarach- 
noid bleeding. 

1st Hospitalization, Mar. 5, 1952—June 4, 1952. 

History. Eleven years prior to admission, the patient fell off a truck and was 
knocked unconscious. Spinal fluid was “very bloody.” Stiff neck and severe head- 
ache were present for several weeks One year later, disturbance in walking and gait 
had appeared and had been steadily progressive. Mental deterioration was said to 
have been present for 1 year. 

Examination. The patient walked with a broad-based, shuffling, mincing gait. 
The deep tendon reflexes were definitely hyperactive generally. 

Course. Gastro-intestinal and psychiatric evaluations were extensive. 

; 2nd Hospitalization, Aug. 18, 1953—Nov. 1, 1953. There had been progressive 
difficulty in walking and increasingly poor intellectual function. 

Examination. Extremely poor intellectual function, preoccupation, distracta- 
| bility, and loss of memory were prominent. Weakness and spasticity of the lower 
, extremities were present with ataxia, bilateral ankle clonus, bilateral Babinski sign, 
bilateral palmomental reflex, and positive snouting. His gait was slow, shuffling and 
i propulsive. 

‘ Course. Spinal tap showed a pressure of 100. The cerebrospinal fluid protein was 
: 50 mg. per cent. 

On Sept. 24, 1953, pneumoencephalography showed advanced communicating 
: hydrocephalus (Fig. 7) with a block to oxygen at the basal cisterns. Daily lumbar 
punctures did not improve his deteriorated status. 


Fic. 7. Case 9 (multiple head injuries with subarachnoid bleeding, old). Pneumoencephalogram in 
anteroposterior and lateral views, showing tremendous ventricular enlargement in arrested communicat- 
ing hydrocephalus with extensive cerebral atrophy; prolonged, unamenable to therapy. 
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3rd Hospitalization, Jan. 15, 1954—May 3, 1954. There had been slow deteriora- 
tion to complete dependency. 

Examination. There was accentuation of previous findings. 

Course. On Jan. 18, 1954, repeat pneumoencephalography showed findings 
identical to those of the previous study with no convincing evidence of progression. 

On Jan. 22, 1954, external ventriculomastoidostomy was unsuccessful since the 
pressure gradient was unfavorable. Intraventricular pressure was less than 80 mm. 

Follow-up. On July 20, 1955, slow, steady, mental deterioration had progressed 
with little change in the spasticity and ataxia of the lower extremities. He was a 
completely dependent neurological cripple. 


Case 10. C.1D., 50-year-old white male. Diagnosis: Recurrent head trauma with 
subarachnoid bleeding. 

Ist Hospitalization, Dec. 22, 1955. 

History. Generalized seizures and coma had occurred in the city jail. He had 
been admitted to the hospital on numerous previous occasions with head injuries 
suffered in 1937, 1938, 1939, and a severe one in 1955. These head injuries had not 
caused focal neurological deficits. Lumbar punctures had been done only on the last 
two admissions, both showing bloody cerebrospinal fluid. Chronic alcoholism partial- 
lv obscured his past history, but apparently multiple other head injuries had not 
required hospitalization. 

Examination. Confusion and disorientation were prominent without focal neuro- 
logical deficits. 

Course. Lumbar puncture revealed normal pressure and normal cerebrospinal 
fluid. 

On Dee. 27, 1955, pneumoencephalography showed tremendous communicating 
hydrocephalus (as in Fig. 7). Sufficient improvement in confusion and disorientation 
allowed discharge subsequently, with seizures controlled. 

On Jan. 17, 1956, repeat pneumoencephalography showed no significant change 
in the hydrocephalus. Daily lumbar punctures gave no improvement. He was 
transferred to a hospital for chronic care, where his confusion and mild disorienta- 
tion persisted, 


Comments. 1. The logical cause for the communicating hydrocephalus 
in both Cases 9 and 10 was the obvious head injuries and subarachnoid 
bleeding. 

2. The advanced cerebral deterioration was probably a secondary result 
of severe communicating hydrocephalus of long standing. 

3. No evidence of increased intracranial pressure was observed at this 
late stage of the hydrocephalus. Serial pneumoencephalography showed no 
evidence of progression of the communicating hydrocephalus. 

4. Lack of response to lumbar punctures and no radiological evidence 
of progression indicated an irreversible hydrocephalus. Ventriculomastoid- 
ostomy was technically inadvisable and not warranted since the cerebral 
damage already present appeared to be chronic and permanent. 


DISCUSSION 


Communicating hydrocephalus may result when an inflammatory reac- 
tion is produced in the basal cisterns by introduction of a foreign sub- 
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stance, including infection,’ certain chemicals": and blood.2~:*:!© The 
only common factor in the 10 cases of this series was the subarachnoid bleed- 
™ ing. In addition, the source of this bleeding in all 8 cases in which the causa- 
4 tive lesion was positively identified was located on the ventral surface of 
“ the brain in an ideal position to bleed directly into the cisterns and pack 
i. them with blood. The subarachnoid block in all instances proved to be in the 
d basal cisterns or their immediate periphery. The aneurysms were located on 
a proximal portions of the anterior cerebral artery, on the internal carotid 
just below the bifurcation, or on the upper part of the basilar artery. 
h Operative hemorrhage occurred from capsular vessels of benign tumors 
located anterolateral to the brain stem. The head injuries had produced 
marked contusion of the upper portion of the brain stem. The assumption 
d that the hydrocephalus is the result of an adhesive arachnoiditis of the 
basal leptomeninges is supported by previous experimental? and _ clini- 
rt 2.14.16 observations as well. 
t The time after hemorrhage before the communicating hydrocephalus 
‘ was recognized or produced symptoms was variable. Table 1 shows this 
time to vary from 2 weeks up to 12 weeks. There appeared to be no rela- 
* tion of this interval to the number of hemorrhages that had occurred. How- 
ever, there does appear to be a relationship between the time of onset of 
J symptoms and the degree of intracranial hypertension. Apparently, those 
with high intracranial pressure show symptoms referable to the hydro- 
g cephalus earlier, as in Cases 3, 4, 5 and 8 (Table 1). In 3 of these same cases 
n (Cases 3, 4 and 8) the patients came very close to death because of the 
hydrocephalus and were saved only by the ventriculomastoid shunt. The 
e other surviving patients had lower pressure and were not as critically ill, 
is though all were severely crippled neurologically. Thus it would appear that 
. the hydrocephalus resulting from subarachnoid bleeding may be a progres- 
sive lesion, and a massive subarachnoid block will be reflected by early, 
s 
d TABLE 1 
Time interval between hemorrhage and symptoms of hydrocephalus, and relationship 
t of onset of symptoms to degree of intracranial hypertension 
Number of Time after Hemorrhage Pressure, Spinal 
Hemorrhages Symptoms Appeared or Ventricular 
1 1 7 weeks 290 
e 2 1 12 weeks 240 
3 2 2 weeks 350-400 
3 8 weeks 700 
J 5 3 4 weeks 600 
(death) 
6 Q 12 weeks 50 
7 3 ? (arrested) 100 
8 1 8 weeks 450 
. 9 unknown, but several unknown, present several years 110 


is 10 unknown, but several unknown, present several years 100 
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significant elevation of intracranial pressure. This may be followed by a 
fatal outcome unless adequate treatment is given. 

The role of increased intracranial pressure in the symptomatology and 
ventricular enlargement of communicating hydrocephalus is not entirely 
clear. When communicating hydrocephalus was discovered in Case 6, nor- 
mal intracranial pressure was present. Even so his severe, crippling neuro- 
logical deficits were dramatically reversed by the ventriculomastoidostomy 
and the enlarged ventricles showed definite reduction in size by roentgen 
ray after the shunt (Fig. 6). It is therefore impossible to attribute all the 
neurological deficits to increased intracranial pressure alone. This particular 
case indicated, moreover, that even with normal intracranial pressure, the 
deficits attributable to the hydrocephalus can still be reversed by a shunt 
operation. However, these changes cease to be reversible and become perma- 
nent after a period of time, as shown by Cases 9 and 10. In these two in- 
stances the hydrocephalus had been present for a period of years and the 
neurological deficits could not be reversed by cerebrospinal fluid shunts, or 
repeated lumbar punctures. 


TABLE 2 


Signs and symptoms associated with the communicating hydrocephalus 


Etiology of Subarachnoid Hemorrhage 


| 
| 
| 
| 


Operative | Aneurysin | ‘Trauma 
Signs and Symptoms |— 
Case Case | int Case 4 Case 5* “| Case Cases 
1 Basilar Basilar tom | & 107 
Increased pressure | x x : x x | Xx 
Headache x x x x x x x 
Vertigo, nausea, and vom- 
iting x x 
Confusion to disorientation x x x x x 
Lethargy, semicoma, or 
coma x x x x x x 
Hallucinations x 
auditory 
Visual blurring x 
Papilledema x 
minimal 
Optic atrophy x x x 
secondary, primary It. prim. 
IV nerve palsy x 
bilat. 
Internuclear palsy x 
Tonic adversion x 
Catatonic-like state x 
Pyramidal signs x x 
Extrapyramidal signs | x 


* Died from rerupture of aneurysm. 
+ Arrested cases. 
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a The clinical signs and symptoms that accompany this delayed hydro- 
cephalus are varied. Table 2 compares the signs and symptoms in this group. 
id There is no constant syndrome caused by the hydrocephalus, though head- 
lv ache was the most common symptom. Increased spinal fluid pressure was 
r- present in all rapidly progressing cases. Although the signs and symptoms 
0- are variable and possibly confusing, they would all appear to be secondary 
Vv to dysfunction of basal midline structures, including brain stem, midbrain 
n and ventral diencephalon as well as optic nerves. This may well be related 
1e to the fact that the lesions causing the hemorrhage are closely associated 
r with these structures and also the adhesive arachnoiditis resulting from the 
1e hemorrhage appears to involve the basal leptomeninges primarily. 
it Papilledema was not observed in any of the patients with increased intra- 
1- cranial pressure, though suggestive papilledema was present in Case 2. 
" This is explained on two possible bases. The first possibility is a perineural 
e fibrosis of the optic nerves. Griffith et al.’ have shown experimentally that 
vr subarachnoid hemorrhage filled the perineural spaces of the optic nerves with 


blood. The resulting adhesions obliterated this space and so prevented papil- 
ledema even in the presence of experimental cerebellar neoplasms. Since 
cerebrospinal fluid escapes along this perineural space: from the basal 
cisterns, papilledema can not occur if this space is obliterated. The second 
possibility is a chiasmatic arachnoiditis which, if sufficiently severe, will 
likewise prevent papilledema. In either instance, primary optic atrophy 
may result, as occurred in Cases 3, 4 and possibly Case 8. 

In none of the cases presented was the diagnosis of complicating, progress- 
: ing communicating hydrocephalus made until it was demonstrated by air 
t study. In 3 instances, arteriography demonstrated enlarged ventricles, but 
- pneumoencephalography was necessary in cases showing progression to 
prove finally the location of the basal subarachnoid block. The obstruction 
to cerebrospinal fluid circulation is presumably produced through pial- 
arachnoid adhesions in the basal cisterns. This adhesive arachnoiditis may 
actually obliterate the cistern, or the adhesions may occur at the periphery 
of these cisterns, preventing escape of cerebrospinal fluid and causing them 

to balloon and dilate, invaginating the floor of the 3rd ventricle (Case 2). 
The occurrence of this type of progressing hydrocephalus after sub- 
arachnoid bleeding may be more common than is generally recognized. 
Whenever there is bleeding of significant degree into the subarachnoid space, 
some obstruction of the subarachnoid space results.?~*:°!" When this sub- 
arachnoid bleeding is of mild degree or involves portions of the subarachnoid 
space distal to the basal cisterns, ventricular enlargement will ordinarily not 
occur. However, when a significant hemorrhage is present that involves 
the basal cisterns, some ventricular enlargement occurs. If the acute clot 
that forms in the basal cisterns is large enough to cause immediate obstruc- 
tion, acute elevations of intracranial pressure with subsequent ventricular 
enlargement will occur, as reported by Goinard et al.7 and as occurred in the 
current series. Under these circumstances, lumbar puncture (often per- 
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formed for purely diagnostic purposes) will cause a dramatic relief of signs 
and symptoms. This clinical observation has been widely recognized, al- 
though multiple unsubstantiated explanations for it have been offered. Thus 
repeated lumbar punctures may well be of therapeutic value in cases of 
significant subarachnoid bleeding from ruptured aneurysm, head injury or 
operative hemorrhage. 

In the majority of instances of subarachnoid bleeding, any obstruction 
of cerebrospinal fluid that occurs is present only acutely and does not result 
in an adhesive arachnoiditis of sufficient degree to produce a delayed, pro- 
gressive, communicating hydrocephalus (Case 7). However, in a certain 
number of cases the patient will recover temporarily from the acute obstruc- 
tion by clot in the basal cisterns. When the clot liquefies, an inflammatory 
response is evoked with a secondary adhesive arachnoiditis which, after a 
period of time, may progressively obstruct the cerebrospinal fluid pathways, 
resulting in the delayed appearance of clinically significant hydrocephalus. 
Nine of the 10 cases presented fall into this group. In the past, this type of 
‘ase has usually gone unrecognized, and the signs and symptoms of clinical 
deterioration have been ascribed to non-specific delaved effects of the origi- 
nal lesions. If this delaved hydrocephalus compensates spontaneously, the 
patient may survive though severely handicapped. 

Once the delaved hydrocephalus is shown to be progressing, urgent treat- 
ment may be indicated. In this series, all 6 patients treated by external 
ventriculomastoidostomy showed dramatic and rapid reversal of their 
neurological deficits, and in 3 of these cases death was narrowly averted. 
This procedure is carried out under local anesthesia and consists of inserting 
a polvethyvlene catheter into the lateral ventricle through a twist drill hole, 
the tube being carried subcutaneously to the base of the mastoid, where the 
distal end is inserted into a tightly fitting twist drill hole into a mastoid air 
cell. The pressure necessary to drive saline through the eustachian tube is 
routinely measured by a water manometer and is usually in the range of 
80-100 mm. cerebrospinal fluid. The advantages of the procedure are 1) 
technical simplicity of the procedure; 2) easily performed under local anes- 
thesia; 3) the production of a physiological release valve for escape of cere- 
brospinal fluid from the ventricles in the presence of increased intraventricu- 
lar pressure. The first two advantages are particularly applicable in severely 
ill patients. The presence of a physiological release valve permits flow as 
long as intracranial pressure is elevated. If intracranial pressure returns to 
normal and the hydrocephalus becomes arrested, flow will cease and fibrosis 
within the mastoid will plug the tube. Thus the shunt is self-limiting. If the 
shunt should cease functioning prematurely, it is easily revised. Although 
the presence of this valve mechanism in the adult middle ear is a protection 
to retrograde infection, the occasional complication of meningitis is the 
major disadvantage that has been encountered. 

These observations concerning communicating hydrocephalus in adults 
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have led us to speculate regarding the genesis of the so-called idiopathic 
communicating hydrocephalus of infancy. Although pathological studies 
have not yielded clear concepts regarding etiology, Penfield and Elvidge!® 
pointed out in 1932 that an adhesive arachnoiditis was present in approxi- 
mately one-half of the cases of infantile hydrocephalus studied. However, 
little attention has been given to subarachnoid bleeding as a possible etio- 
logical agent in congenital hydrocephalus, even though Bagley’ long ago 
proposed that this may be important. It is generally accepted that 15 per 
cent of newborn infants have blood in the cerebrospinal fluid, presumably 
secondary to brain trauma from moulding of the head during birth. Sig- 
nificant bleeding into the basal cisterns could produce a progressive hydro- 
cephalus which would not become clinically obvious for weeks or even 
months, judging from the data reported in adults. However, discrete in- 
formation regarding these speculations on the etiology of idiopathic infan- 
tile hydrocephalus is lacking and we are presenting this concept only as an 
hypothesis. 
SUMMARY 

1) It is proposed that massive subarachnoid bleeding into the basal 
cisterns can evoke an adhesive arachnoiditis of the basal leptomeninges 
with a resulting delayed, progressive hydrocephalus. Ten cases are pre- 
sented. 

2) The etiology of the subarachnoid bleeding was operative hemorrhage, 
ruptured intracranial aneurysms, and cerebral trauma. 

3) The delayed, progressive nature of this communicating hydrocephalus 
producing advancing neurological deficits of a crippling and possibly fatal 
nature is emphasized. Recognition of the hydrocephalus after hemorrhage 
varied from 2 to 12 weeks. 

4) The signs and symptoms of such hydrocephalus are variable. They 
are often ascribed to non-specific delayed effects of the original lesion and 
thus not recognized. The diagnosis is established by pneumoencephalog- 
‘aphy. 

5) The progressive hydrocephalus often produces an elevation of intra- 
cranial pressure but even in the presence of normal spinal fluid pressure, 
dramatic reversal of advanced neurological deficits and decrease in size of 
ventricles can follow cerebrospinal fluid shunt procedures. 

6) The hydrocephalus secondary to the adhesive arachnoiditis evoked 
by the subarachnoid bleeding ceases to be reversible and becomes perma- 
nent after a period of time. 

7) Treatment by ventriculomastoid shunt operations resulted in marked 
clinical improvement in 6 cases, impending fatality being averted in 3 of 
these. 

8) The possible role of an adhesive arachnoiditis of the basal lepto- 
meninges secondary to subarachnoid bleeding in the pathogenesis of infan- 
tile congenital hydrocephalus is discussed. 
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SAFE ANGIOGRAPHY 
N. SEGELOV, M.B., B.S. (Syd.)* 


Department of Neurosurgery, Royal Prince Alfred Hospital, Sydney, Australia 


(Received for publication April 19, 1956) 


HE subject matter of this paper consists of cerebral angiography per- 

formed on 400 patients in the Department of Neurosurgery of the 

Royal Prince Alfred Hospital, to a total of 660 angiograms. All the 
procedures described were performed by the writer, using the same technique 
throughout. 

Most of the patients were in the group aged 30-60 years, but 6 patients 
were less than 10 vears old, and 8 patients were over 70 (the oldest being 
85 years). 

Angiography was employed as a diagnostic measure in patients suffering 
from many different provisional diagnoses, as seen in Table 1. 


TABLE 1 


Disorders for which angiography was used as diagnostic measure 


No. of Cases 


Diagnosis 
Tumour suspect 144 
Intracranial haematoma 21 
Subarachnoid haemorrhage 74 
Cerebral abscess 3 
Cerebral thrombosis (suspected tumour) 11 
Degenerative condition 50 
Epilepsy (focal and otherwise) 41 
Postoperative check angiogram 19 
Miscellaneous 37 


METHOD OF ANGIOGRAPHY 


For carotid angiography, the patient is placed with the head lying on a cassette 
box, and a sterile drape is placed over the chest and abdomen. The skin of the neck 
is prepared with solution of Metaphen, and a small amount of local anaesthetic is 
injected into the skin of the neck 1 inch above the clavicle, over the medial border 
of the sternomastoid muscle. The carotid artery to be cannulated is palpated, and a 
gauge 18 Luer-Lok needle is introduced so as to pass up the artery for }—1 inch at 
least. With practice this can be accomplished with ease, and blood will spurt from 
the needle. A flexible plastic tube, 5 inches long and } inch in internal diameter, is 
used to connect the needle with a 20 ce. syringe, Luer-Lok fittings being used 


* Present address: ¢/o Bank of New South Wales, Berkeley Sq., London W. 1, England. 
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throughout to avoid the connections parting during the rapid injection of the dye. 
In the syringe are 15-20 cc. of a mixture of equal parts of sterile normal saline and 
2.6 per cent sodium citrate solution. This solution is used to keep the needle free 
from clots, and produces, in the conscious patient, a rather unpleasant taste in the 
mouth (a valuable sign of correct positioning of the needle). Care is taken to fill all 
parts of the apparatus with fluid and so avoid injecting air bubbles. Blood flows 
back into the syringe and can be washed to and fro with the citrate solution, keep- 
ing the needle free from clots. Up to 120 ce. of this solution have been used with no 
untoward complications, in direct opposition to Sedzimir,’ who gave 20 ce. as the 
maximum amount that could be given in this procedure with safety. 

The head is postured and the roentgen-ray tube is aligned, and the syringe con- 
taining the dye is connected in place of the citrate solution. The injection is made 
rapidly and films are taken to show arterial and other phases. After anteroposterior 
and lateral views are demonstrated in turn by this method, further citrate solution 
is connected to the tubing and the needle is kept patent while the films are being 
developed, in case other views, such as oblique or cross-filling films, are required. 
When no further films are required, the needle is withdrawn and pressure is main- 
tained over the artery for about 3 minutes. With this precaution, haematomata in 
the neck of sizeable proportions resulted in only 5 per cent of cases (30 patients), 
whilst moderate haematomata occurred in 8 per cent (48 cases) and small haema- 
tomata in 20 per cent (126 cases). In no case did respiratory embarrassment occur, 
and no haematoma persisted for more than 24 hours. Thus only temporary dis- 
comfort to the patient occurred, 

For vertebral angiography a longer needle is used (such as for lumbar puncture), 
with a bevel of 45 degrees at its tip. The needle is introduced medial to the carotid 
bundle and is inserted between the transverse processes of the 4th and 5th or 5th 
and 6th cervical vertebrae at slightly less than a right angle to the neck. Injection 
technique is similar to that used in carotid angiography, except that the needle is 
withdrawn while the films are developed, as it is difficult to keep the needle in the 
lumen of the artery for more than 3 or 4 minutes without arterial spasm developing. 

To prevent infection, all persons present wear gowns, caps and masks, the latter 
having a layer of cellophane between six layers of gauze. Gloves are not worn as 
they impair the sense of touch so necessary for successful needling of the artery. 
The hands are scrubbed for 5 minutes and dried. As will be seen later, infection was 
never encountered as a complication in this series. 


Using the above techniques, good vascular filling and adequate roentgen- 
ray films were obtained in 95 per cent of cases. The main causes of failure in 
the other 5 per cent were faulty insertion of the needle in the artery, rapid 
development of a haematoma in the neck, movement of the head during 
exposure of the films, and occasional faults in the equipment. 


CONTRAST AGENTS 
The first 8300 angiograms of the series were performed using Uriodone 
35% (Diodrast). This was replaced by Diaginol 30% (sodium acetrizoate) 
for the remainder of the series. Both solutions gave good results but Diaginol 
produced less discomfort to the conscious patient, less stimulus to the anaes- 
thetised patient and still good contrast in the films. 
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Each view was taken using an injection of 8 cc. only of the contrast 
agent. With this small volume, timing of the exposures required the close 
cooperation of the radiographer, but resulted in angiograms equal to and 
often better than those in which larger volumes of dye were employed. The 
absence of any serious complications was ascribed largely to the small 
amount of contrast agent of low concentration used. 

As regards testing for sensitivity, this was discontinued when 100 cases 
had shown that sensitivity reactions were few and slight, and appeared un- 
related to the results of skin or intravenous test doses. 


RADIOGRAPHIC DETAILS 

Most of the series of angiograms was taken using a Schonander machine 
with fixed tube-film distance of 25 inches (63.5 em.). Cassettes measuring 12 
inches (30.5 em.) by 10 inches (25.4 em.) with fine-grain screens were fitted 
into a cassette box on slides, the uppermost slide having a lead backing to 
protect the next cassette. The box was fitted with a Schonander stationary 
grid, and two or three cassettes could be used. In the majority of cases, one 
arterial and one venous film were exposed. For special indications, arterial, 
capillary and venous films were taken, such as in cases of arteriovenous 
anomalies, highly vascular tumours, and cases in which there was a very 
rapid circulation time. 

Best results were obtained using a relatively long exposure (0.8—1.0 
sec.) because of the small volume of contrast agent employed. The arterial 
film was exposed during the injection while 3 cc. of dye remained in the 
syringe and the venous film was taken 4 seconds later. 

Exposures were made using 100 mA. and 54-62 kVP. (depending on the 
view taken of the skull). The tube used was oil-cooled, with a rotating anode. 
The operators were protected with lead-rubber removable screens about the 
patient’s head, and wore lead-rubber full-length aprons. 

About 30 angiograms of this series were performed in the general X-ray 
department of the hospital during overhaul of the Schonander unit. These 
were carried out using an ordinary tube-stand and other fittings, and their 
success illustrates the ease with which angiography can be performed with 
standard equipment used for general radiography. 

ANAESTHETIC TECHNIQUE 

Premedication of the patient is regarded as very important for successful 
angiography. The dosage recommended is shown in Table 2. 

In addition, all patients for vertebral angiography were given papaverine 
gr. 2 (130 mg.) intramuscularly 45 minutes before the procedure, to abolish 
arterial spasm. A trial of this drug in carotid angiography produced no 
definite advantages in either the needling of the artery or in the films ob- 
tained, but both these factors were greatly enhanced in vertebral angiog- 
raphy. However, this drug was given in carotid angiography performed on 
patients with evidence of marked arteriosclerosis or with possible cerebral] 
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TABLE 2 


Premedication for angiography 


hr. before Procedure 
(Hypodermic Injection) 


Type of Patient 13 hrs. before Procedure 


Pentobarbital sodium gr. 13 (100 mg.) Omnopon gr. 4 (20 mg.) 
Scopolamine gr. 1/150 (0.44 mg.) 


Average healthy adult 


Adult of slight build. Pentobarbital sodium gr. 13 (100 mg.) Ommopon gr. } (10 mg.) 


Child over 12 yrs. Scopolamine gr. 1/300 (0.22 mg.) 
Adult in fair health. Omnopon gr. § (10 mg.) 

Child aged 9-12 yrs. Scopolamine gr. 1/300 (0.22 mg.) 
Sick adult. Child under Atropine gr. 1/100 (0.6 mg.) or less 

9 yrs. according to age 


thrombosis, and may therefore have been a factor in the prevention of lasting 
complications. 

Both the premedication given and the choice of anaesthetic agents were 
dictated solely by the patient’s state of consciousness and ability to cooper- 
ate. Table 3 shows the anaesthetics employed. 

As vertebral angiography is a more painful procedure than carotid 
angiography, intravenous thiopentone anesthesia was always employed. For 
carotid angiography, however, local anaesthesia (2 per cent procaine) was 
used almost as often as general anaesthesia, and was found to be spee ‘,, and 
convenient to both patient and surgeon. Adequate premedication and careful 
explanation to the patient before injecting the dve rendered results with 
local anaesthesia very satisfactory. 

Intravenous thiopental sodium was given in 206 cases, an average 
amount of 1.2 gm. being required for the procedure. No patient received 
more than 2.0 gm., and for heavily built adults, muscle relaxants such as 
Flaxedil (gallamine triethiodide) or Eulissin (decamethonium iodide) were 
used in combination with the thiopentone. A pharyngeal airway was used 
when necessary. Laryngeal intubation was found unnecessary, and therefore 
lighter anaesthesia could be used without producing coughing. There was 
also less apparatus about the patient’s head. Oxygen given by an oro- 


TABLE 38 


Anaesthetics used in angiography 


Type of No. of Local Thiopentone Rectal Avertin + 


Angiogram Angiograms Anaesthesia Sodium Avertin Thiopentone Ether 
Carotid 630 272 306 28 21 3 
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pharyngeal catheter was the only gas employed. Only 3 cases of laryngeal 
spasm occurred, all being relieved by blowing oxygen onto the vocal cords 
with a catheter. The fact that no deaths and no complications occurred in 
this large number of cases illustrates both the safety of the simple routine 
employed, and the competence of the Registrars in Anaesthesia who adminis- 
tered the anaesthetics. 

Rectal Avertin (tribromomethanol), either alone or combined with in- 
travenous thiopental sodium, was found rather unsatisfactory because of the 
variable response of different patients to a basal dose, a frequent fall in 
blood pressure, rendering needling of the carotid arteries difficult, and the 
long period of unconsciousness (up to 8 hours) following this type of anaes- 
thesia. 

For small children, ether was used in 3 cases with good results, but the 
risk of an explosion in the presence of electrical equipment must always be 
borne in mind. 

Angiography under general anaesthesia was performed on patients with 
myocardial damage, severe hypertension, large cerebral tumours, on children 
of 8 years to adults of 70-80 years of age, all without complications. Never- 
theless a laryngoscope and Magill’s tubes and intermittent positive pressure 
respirator, stimulant drugs, antihistamine drugs, and apparatus to deal 
promptly with cardiac arrest were always at hand. 


RESULTS OF ANGIOGRAPHY 


Table 4 illustrates the diagnoses made possible by cerebral angiography. 

In addition to these positive pathological angiograms, Table 5 illustrates 
cases in which a normal angiogram was of great value in the differential 
diagnosis and management of the case. 

Angiography was found very useful in gauging progress and prognosis 
postoperatively, especially after surgical treatment of aneurysms, vascular 
tumours and subdural haematomata. With regard to angiography in cases 
of subarachnoid haemorrhage, this was usually performed as soon as possible, 
and in many cases it was done within the first 24 hours of the illness. No 
patient died because of angiography and the information supplied by the 
procedure proved so valuable in the management of the case that immediate 
angiography is a well accepted routine in this department. The results ob- 
tained from early angiography with the technique described above show 
that of 74 cases of subarachnoid haemorrhage, aneurysms were revealed in 
44, or 60 per cent. Of the other 40 per cent, repeated angiography, 1 week or 
more later, still revealed no aneurysm, even on the basi-vertebral system. 
These figures present a contrast to those of Magladery® who found 66 per 
cent of negative angiograms in the first week and 50 per cent after that, and 
who stated that death followed soon after angiography in 10 cases. 

With cerebral tumours, angiography very often enabled a diagnosis of 
the exact type of neoplasm, such as glioblastoma multiforme, because of the 
typical vascular “‘pattern”’ produced. The value of angiography in lesions 
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TABLE 4 


Diagnoses made by cerebral angiography 


Condition No. of Cases Types 


Intracranial tumour 80 31 Frontal 
22 Temporal 
16 Parietal 
1 Occipital 
3 Multiple secondary 
2 Mid-brain & cerebellar 
5 Pituitary 


Intracranial haematoma 21 1 Extradural 
13 Subdural 
7 Intracerebral 


Arterial aneurysm 44 15 Internal carotid 
17 Anterior communicating 
8 Middle cerebral 
2 Anterior cerebral 
1 Basilar 
1 Multiple 


Arteriovenous malformation 
Cerebral abscess 3 
Cerebral thrombosis 11 2 Internal carotid 
2 Anterior cerebral 
7 Middle cerebral 
Total 161 


about the pituitary fossa has been demonstrated by Money and Vander- 
field,® and their findings were illustrated again in the 5 cases of pituitary 
tumour and in several cases of aneurysms about this region in the present 
series. 

Carotid angiography in cases of subtentorial tumours was of use both 
in eliminating a supratentorial lesion and in demonstrating a hydrocephalus 
as shown by an exaggerated sweep of the anterior cerebral arteries around 
the dilated anterior horn of the ventricle. Vertebral angiography gave rather 
disappointing results as far as showing a pathological tumour circulation and 
was used mainly in cases of subarachnoid haemorrhage. 


TABLE 5 


Cases in which normal angiograms aided in diagnosis 


Condition No. of Cases 
Degenerative condition 50 
Subarachnoid haemorrhage 30 
Epilepsy 41 


Tumour suspect 64 
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COMPLICATIONS OF ANGIOGRAPHY 


In this series there were no deaths, no permanent sequelae, nor were 
any transient complications encountered, except for the occurrence of 
cutaneous rashes in 7 cases (1 per cent), relieved immediately by antihis- 
tamine drugs. The frequency of complications in other series is shown in 
Table 6. 

The absence of complications was ascribable in part to the small volume 
of contrast agent used, but also to the fact that any patient who was shown 
to have a large space-occupying lesion was treated surgically as soon as 
possible, usually within 12 hours. In this way any possible cerebral oedema 
‘aused by the angiography was not allowed to increase an already raised 
intracranial pressure for more than a short time. 


TABLE 6 


Comparison of frequency of complications in various series 


Complications 


Transient Permanent Deaths 
1950 Bull? 1,000 ? ? 3 
1951 | Dunsmore et 147 7 4 3 
1951 Curtis* 720 6 0 1 
1952 | Abbott ef al.! 174 8 4 5 
1953 Rowbotham et al.® 430 18 12 3 
1954 Perese et al.’ 234 19 3 7 
1954 | Ver Brugghen'® 150 0 0 0 
1955 Sedzimir® | 273 0 0 0 
1956 Present series 660 0 0 0 
SUMMARY 


1. A safe method of carotid and vertebral angiography is described. It 
was performed 660 times on 400 patients without any complications or 
mortality. 

2. The choice of anaesthesia is discussed, and the dosages of premedicat- 
ing and anaesthetic agents are presented. 

3. The results obtained are listed and the value of the procedure in var- 
ious conditions is discussed. 

4. Complications in other series are compared with the present series, 
and their absence in this series is attributed to the small volume of contrast 
agent used, the careful premedication and choice of anaesthetic, and to the 
repeated use of the technique of percutaneous angiography described above. 


The author is indebted to Drs. R. A. Money and W. Lister Reid (Honorary 
Neurosurgeons), Drs. S. M. Morson and G. K. Vanderfield (Honorary Assistant 
Neurosurgeons) for permission to perform angiography on patients under their 
care, to Messrs. D. Holt and J. Skilton for the radiography, to Sisters R. Snell and 
J. Noreen for the nursing help, and to Miss P. Fernon, Secretary to the Depart- 
ment of Neurosurgery, for her assistance in the preparation of this paper. 
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INFARCTIONS SIMULATING BRAIN TUMOURS 
IN THE POSTERIOR FOSSA 


STEN O. LINDGREN, M.D. 


Neurosurgical Clinic, Sahlgrenska Sjukhuset, Goteborg, Sweden* 


(Received for publication May 2, 1956) 


T 1As long been recognized that occlusions of the internal carotid artery 

and its branches may cause circulatory disturbances in the involved area 

of the brain, resulting not only in malacia and atrophy, but also tem- 
porarily producing oedema. In the first days after the accident this may 
‘ause increased intracranial pressure. 

In these cases a diagnosis of intracranial haematoma or other type of 
expanding lesion has been made not infrequently, and the patients have 
sometimes been operated upon, usually without preoperative arteriograms. 

In the posterior fossa, expanding lesions often have to be treated acutely. 
A pneumoencephalogram or a ventriculogram may have established the 
expanding nature of the lesion. Vertebral angiography is more rarely per- 
formed. Recently we had 2 patients demonstrating the difficulties in diag- 
nosing the true nature of the expanding lesion; 1 of these was, however, 
suspected of having a vascular occlusion before the operation was performed. 


CASE REPORTS 


Case 1 (050716/55 S.S.). A 50-year-old man, previously healthy, first com- 
plained of pain and numbness of his left arm in the middle of October 1955. He im- 
proved following roentgen-ray treatment. On Nov. 18, 1955 he began to have oc- 
casional dizziness, nausea and vomiting, and the following day there was onset of 
headache in the right parieto-occipital region. 

He was examined in another hospital on Nov. 21, 1955. Blood pressure was 
140/60. There was slow nystagmus on gazing to the left. Sensibility was normal. 
Babinski sign was positive —? bilaterally. Lumbar puncture revealed normal spinal 
fluid under normal pressure. That night the patient became disoriented and restless. 
The next morning he was drowsy, and did not answer but reacted to painful stimuli. 
He was admitted to our hospital on Nov. 22, 1955. 

Examination. Blood pressure was 170/95. He was sometimes able to answer 
“ves” and “no” and to move all extremities spontaneously with full power. There 
was extreme conjugate deviation of the eyes to the right. Pupils were normal, the 
right pupil sometimes being slightly larger. Fundi were normal. Abdominal reflexes 
were absent bilaterally. Babinski sign was positive on the right, and absent on the 
left Roentgenogram of the skull and left carotid angiogram were normal (no filling 
of the posterior cerebral artery). 

Course. His condition deteriorated, he reacted hardly to painful stimuli, and his 
breathing became shallow and irregular. Neurosurgical consultant suspected oc- 


* Chief: Dr. G. Norlén. 
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Fig. 1. Case 1. Ventriculogram. The Sylvian aqueduct is filled only to the extent of a few mm. 
from the 3rd ventricle. 


clusion of the basilar artery, and after a cisternal puncture (no cerebrospinal fluid 
obtained) an unsuccessful attempt was made to perform vertebral angiography. 
Then ventriculography showed normal lateral ventricles, but the Sylvian aqueduct 
was filled only to the extent of a few mm. from the 3rd ventricle (Fig. 1). 

Operation. On Noy. 22, 1955, under nitrous oxide-oxygen anesthesia, explora- 
tion of the posterior fossa was performed with removal of the arch of the atlas. The 
dura mater was very tense in spite of a ventricular puncture. When the dura mater 
was opened the gyri of the left cerebellar hemisphere appeared flattened and broad- 
ened, and the surface of the medial inferior area “exploded” with emptying of a 
yellow-white porridge-like substance (Fig. 2). The malacic cavity was about the 
size of a plum. Biopsy showed only malacia. 

Course. Half an hour after the operation, when the patient was turned in his 
bed, he suddenly expired. 

Autopsy. Pulmonary emboli from a femoral venous thrombosis were revealed as 
the cause of death. Four small ulcerations in the ventricular mucosa were found. 
There were remnants of the left cerebellar hemisphere in the medial, superior and 
anterior regions, surrounding the operative cavity as a shell. Part of the left tonsil 
was also destroyed and there was a pressure cone on the right side. There were no 
signs of tumour; the medulla and pons were normal. The posterior inferior cerebellar 
artery and the vertebral artery on the left side were thrombosed (Fig. 2). The 
anterior inferior cerebellar artery was a little smaller on the left than on the right 
side. 

Microscopical examination revealed oedema in the “lateral medullary area” 
below the restiform body. 
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Fic. 2. Case 1. (Left) Operative sketch, showing flattened and broadened gyri. The location of the 
rupture of the malacic cavity in the left hemisphere is marked. (Right) Postmortem sketch indicating the 
occlusion of the left vertebral and posterior inferior cerebellar artery. 


Case 2 (10012855 8.S.). A 45-year-old man, previously healthy, had complained 
of slight headaches now and then since the middle of November 1955. On Dee. 5, 
1955, he began to have severe headache, which developed during a few hours. The 
headache was most severe in the occipital region but was also in the temporal and 
frontal regions. He felt a little dizzy but had no other complaints. 
On Dec. 6, 1955, he was examined in another hospital. Blood pressure was 200 
100. There was slight cervical rigidity but there were no other neurological ab- 
normalities. Eyegrounds were normal. Blood sedimentation rate was 10 mm./h. 
Lumbar puncture revealed colourless cerebrospinal fluid under 22 cm. pressure; pro- 
tein was 70 mg. per cent; Wassermann reaction was negative. He had no fever, but 
the leucocyte count in the blood was slightly increased. On Dec. 8, 1955 he became 
drowsy with nuchal rigidity. Blood pressure was 155/110. Lumbar puncture yielded 


Fic. 3. Case 2. Ventriculogram showing sharply bent Sylvian aqueduct and dislocation of the 4th 
ventricle to the left. (At operation the appearance of the right-sided softening was similar to that shown 
in F.g. 2.) 
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colourless fluid under 26 cm. pressure and protein was 46 mg. per cent. The follow- 
ing day he was slightly disoriented, and sleeping but arousable. Babinski sign was 
not present. He was admitted to our hospital on Dec. 9, 1955. 

Examination. Blood pressure was 160/100. Pulse rate was 72. The patient was 
drowsy and the gag reflexes were weak. The right optic fundus was normal, and the 
left showed oedema of the nasal half of the disc. 

Course. The next day he was temporarily stuporous. Blood pressure was 170 
/100. There was paralysis of upward gaze and a horizontal nystagmus on gazing to 
the right. Electroencephalogram revealed diffuse abnormality, most marked in the 
left temporal region. Roentgenogram of the skull was normal. Encephalography by 
the lumbar route was attempted (after precautious trepanation); only the basal 
cisterns became filled; the cisterna pontis was very narrow. Because of a possible 
slight improvement he was observed until Dec. 14, 1955, when ventriculography 
was performed. The aqueduct was bent sharply and the 4th ventricle was dislocated 
to the left (Fig. 3). 


Fic. 4. Case 2. There is irregular narrowing of the proximal part of the right vertebral artery. An- 
giography was done by means of a brachial catheter into the subclavian artery. (Arrows indicate catheter.) 
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Operation, Dec. 14, 1955. After ventricular puncture the dura mater was opened. 
The right cerebellar hemisphere was slightly increased in volume and its surface 
was markedly yellow. Under the cortex of the medial inferior part of the convexity 
a walnut-sized cavity was found, filled with a creamy, yellow-white substance; 
there were also some harder pieces. Biopsy report: malacia. 

Postoperative course was uneventful. His gait was staggering, with possibly 
slight deviation to the left. There was slight papilloedema bilaterally. Upward gaze 
kecame much improved. 

An attempt to perform right-sided vertebral angiography was made by means 
of a brachial catheter, but it did not slip into the vertebral artery; injection in the 
subclavian artery with brachial compression revealed an irregular stenosis of the 
first part of the vertebral artery (Fig. 4). There was good filling of the first part of 
the artery distal to the stenosis, but no satisfactory picture was obtained of the 
intracranial branches. 

One month after the operation the patient had no subjective complaints. Gait 
was normal. Funduscopic examination revealed no papilloedema on the right, slight 
on the left side. There was slight right-sided paresis of the soft palate and pharynx; 
the gag reflex was absent on the right side. 

DISCUSSION 

The “classical” clinical picture of an occlusion of the posterior inferior 
cerebellar artery has been described as the syndrome of Wallenberg. The 
underlying pathology is a softening of the lateral part of the medulla ob- 
longata (mostly on the left side), but involvement of the cerebellar hemi- 
pheres is usually not reported. The last phenomenon has been ascribed to 
arterial anastomoses on the cerebellar surface, particularly between the an- 
terior inferior cerebellar artery and the posterior inferior cerebellar artery. 
In the 2 cases presented here, there were some symptoms and signs pointing 
to a lesion of the brain-stem area, but not very characteristically or markedly 
and we were most impressed by the symptoms caused by the lesion of the 
cerebellar hemispheres. 

Softening of the inferior part of the cerebellum has usually been explained 
as the result of occlusion of the lateral branches of the posterior inferior 
cerebellar artery (e.g., Haike and Lewy’), but in our Case 1 the main stem 
of the posterior inferior cerebellar artery and the adjacent part of the 
vertebral artery were occluded. The syndrome of Wallenberg varies in its 
details, and, moreover (see Schwarz’), the whole lateral part of the medulla 
may be supplied by the anterior spinal artery or the vertebral artery. 
Schwarz’ reported a case in which a cerebellar lesion was associated with 
the medullary lesion, and Case 10 of Olivarius’ was similar, but vascular 
changes probably present were not reported. This was also the situation in a 
patient reported by Michael® (in a footnote) with only a cerel ellar softening 
at autopsy. However, Schaffer® reported a patient (Case 4) with an oblit- 
erated posterior inferior cerebellar artery, in whom only the cerebellar hemi- 
sphere was anatomically involved, and Thomas’? found thrombosis of this 
artery in a case in which there was ‘“‘absence of microscopical lesions—no 
softening of the medulla.” In our Case 2 only a very narrow proximal part of 
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the ipsilateral vertebral artery was visualized on the arteriogram; the area of 
softening was within the distribution of the posterior inferior cerebellar ar- 
tery. 

From a clinical point of view, however, the course of the disease was 
even more important than the precise localization of the symptoms in these 
‘ases. The immediate prognosis of the Wallenberg syndrome is usually good 
and in not a few cases full restitution occurs. Consequently there is reason 
to ascribe an impairment in the condition of such a patient to another 
cause than the original local vascular disturbance. In a review of the clinical 
course in 28 patients, Lewis et al. wrote: “ . . . in two cases, death was con- 
sidered due to the PICA thrombosis itself or to an undiagnosed fulminant 
complication within 48 hours of the onset of the original lesion.” [No 
autopsy.] Goodhart and Davison? described a patient (Case 4, with also an 
older middle cerebral artery lesion) who died after having presented a 
course similar to that of our Case 1, but with less extensive destruction of 
cerebellar tissue. 

The increased intracranial pressure in these cases might be caused by the 
compression and dislocation of the aqueduct and the 4th ventricle, but also 
by the increased volume of the involved area itself. Some authors (see 
Atkinson‘) also assume that an increased intracranial pressure (from “‘cere- 
bral swelling’) and increased blood pressure are caused by a lesion in the 
tegmental area of the pons, but this has been discussed mostly in connection 
with occlusions of the anterior inferior cerebellar artery; moreover, the 
“vasomotor centers” in the mesencephalic and medullary areas are fairly 
complex and have different functions (Lindgren’). Subsequently the effect 
of a lesion in this territory is difficult to predict. 

The radiological examination necessary to indicate the expanding nature 
of the lesion is pneumoencephalography; vertebral arteriography is not 
without danger in these cases and is more of academic interest. In the writer’s 
opinion, surgical intervention is justifiable in some cases of cerebellar lesions 
following occlusions of the main arteries in the posterior fossa, i.e., when 
they start to cause increased intracranial pressure. 

SUMMARY 

Vascular occlusions of the cerebral arteries may cause tumour symptoms 
with increased intracranial pressure in the acute stage. This is rather well 
known with respect to occlusions of the internal carotid artery. 

Two cases presenting a clinical and roentgenological picture of a tumour 
in the posterior fossa are reported. At operation softening in a cerebellar 
hemisphere with increased intracranial pressure was found. Autopsy in one 
case revealed a thrombosis of the corresponding vertebral and posterior 
inferior cerebellar artery. The other patient showed an irregular narrowing 
of the vertebral artery at a postoperative angiography. 

The implications of the findings are discussed, particularly the variation 
of the vascular supply in this area. Surgical intervention is indicated when 
infarction in the posterior fossa gives rise to increased intracranial pressure. 
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ADDENDUM 


Since the preparation of this paper, B. Fairburn and L. C. Oliver (Brit. med. J., 


1956, 1: 1835-1336) have described 3 patients (men) with cerebellar softening, one 


of 


~ 


10. 


whom was operated upon in the acute stage, and resembled our Case 2. 
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Department of Bacteriology, New York State Psychiatric Institute, New York City 


(Received for publication May 4, 1956) 


PPLICATION of alumina cream by dise or injection into a cerebral hemi- 
sphere is an effective method for the production of chronic experi- 
mental epilepsy in monkeys.’ The present study was undertaken to 

determine the comparative effectiveness of alumina cream injected into the 
cerebrospinal fluid of the cisterna magna. 


METHOD 


Alumina cream prepared in the laboratory was centrifuged and the sediment was 
injected into the cisterna magna of 5 young healthy Macaca mulatta (3.4—-4.4 kg.). 
Approximately 0.2 to 0.5 ml. of cisternal cerebrospinal fluid was withdrawn through 
a 21 gauge hypodermic needle, mixed with 0.2 to 0.3 ml. of alumina cream sediment 
and slowly reinjected. The injection procedure was performed on animals under 
Nembutal anesthesia, seated with head and neck flexed. Immediately following the 
intracisternal injections, the monkeys were placed prone on a flat surface and al- 
lowed to recover from the effects of anesthesia without further positioning or re- 
straints. In 1 animal (#811) a second intracisternal injection of alumina cream sedi- 
ment was made 9 months after the first injection. Intracerebral multiple injections 
of saline had been made 20 months earlier in 1 monkey (#761). In another monkey 
(#701) ligation of the right middle cerebral artery had been made (2 years before), 
followed by contralateral multiple intracerebral Aquaphor injections (1 year before) 
without significant clinical residuals at the time of intracisternal injection. Clinical 
observations and electroencephalographic studies were made on all animals. Acti- 
vation of clinical convulsions by injection of intramuscular pentamethylenetetra- 
zole (Metrazol) was sometimes employed.! The brains and spinal cords were re- 
moved for gross and histologic examination in 4 of the monkeys; the remaining ani- 
mal (#812) still survives (12+ months following intracisternal injection). 

RESULTS 

Epileptic seizures occurred in 4 of the 5 monkeys 15 to 27 days after in- 
tracisternal injection of alumina cream. Two of the animals (#806, #761) 
died in status epilepticus on the 2nd and 6th days respectively following 
onset of their clinical seizures (Table 1). Two others (#812, #701) exl ibited 
spontaneous epileptic seizures or could be readily provoked to seizure by 
prodding or intramuscular Metrazol (8-24 mg./kg.) for 9 and 10 montls 

* Aided in part by Grant B-875, National Institutes of Health, United States Public Health 
Service. 

+ Neurological Division, St. Vincent’s Hospital, New York City. 
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EPILEPSY FROM INTRACISTERNAL ALUMINA CREAM 
TABLE 1 


Effect of intracisternal alumina cream in Macaca mulatta 


583 


Intracisternal 


Monkey Alumina Clinical EEG Changes 

No. Treatment . Features 

Cream, ml. 

806 _ 2 Convulsions 23 days later Status. Spike and wave 
with status epilepticus pattern 
and death in 48 hrs. 

812 — 2 Convulsions 25 days lat- Diffuse spiking; increased 
er. Clinical activation by slow background 
photic stimulation. Spon- 
taneousseizures. Survived 
12 mos. to date 

$11 _ 2 No change Slight slowing 

Intracisternal alum- 2 Onset 16 days later: Slowing on 15th day 
ina 9 mos. prior weakness, alteration of 
consciousness and body 
jerks. Sacrificed 4 days 
later 
761 Multiple intracere- 25 Convulsions 15 days lat- Status 
bral saline inj. 21 er. Died in status on 20th 
mos. prior day 
701 Multiple intracere- 3 Convulsive response to Mild slowing 


bral Aquaphor (Lt.) 
inj. and middle cere- 
bral ligation (Rt.) 12 
mos. prior 


im. Metrazol (16 mg./ 
kg.) 29 days later and 
thereafter. Survived 9 
mos. 


respectively. One animal (#811) showed no spontaneous clinical seizures or 
epileptic response to intramuscular Metrazol (382 mg./kg.) for 9 months. 
Sixteen days following a second intracisternal injection of alumina cream 
sediment an abrupt change in clinical status occurred, characterized by 
debility, staggering gait, intermittent jerks of body and extremities, and 
impaired level of consciousness up to time of sacrifice 4 days later. 

Convulsive seizures were usually tonic-clonic generalized motor in type, 
although focal motor seizures with Jacksonian spread and myoclonic jerks 
were also noted. In one monkey (#812) seizures featured by salivation, twitch- 
ing of face, turning of head to the side, chewing mouth movements and 
irregular jerkings of the extremities occurred during the first month follow- 
ing onset of epileptic seizures. When seizures were frequent or the animal 
appeared to be in status epilepticus, monkeys appeared dazed, incoordinate 
and weak between clinical episodes. 

The electroencephalograms in 2 monkeys (#806, #761) that died in status 
epilepticus, showed diffuse rapid spike, and spike and slow wave convulsive 
discharges of varying intensity often followed by isoelectric periods (Fig. 1). 
The principal changes noted in the resting patterns of the other animals was 
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Fig. 1. Electroencephalograms before (left) and after (right) intracisternal injection of alumina cream 
in 4 monkeys. #761: 15 days after; #806: 23 days after; #811: 15 days after 2nd injection; #812: 53 
months after. F=frontal; M = motor; O= occipital; T=temporal; Ta=anterior temporal; E = ipsilateral 
ear; L=left; R=right. Calibration: 1 second (horizontal); 50 microvolts (vertical). 
an increased amount of theta waves and random spike i and sharp wave for- 
mations. In one monkey (#812) clinical convulsive seizures were precipitated 
by photic stimulation on a few occasions. 
No significant ventricular dilatation, hydrocephalus or myelomalacia 
yas found on examination of the brains and spinal cords of 4 monkeys. 
Histologic examination in the case of a monkey that died in status epilepticus 
23 days after injection (4806) disclosed a low-grade chronic diffuse lepto- 
meningitis, which was most intense in the meninges of midbrain and brain 
stem. Demyelinization of ventral portions of cerebral hemispheres and mid- 
brain was apparent in coronal sections stained by the Weil method. Alumina 
cream within macrophages was noted in{the subarachnoid spaces and 
meninges of the brain, spinal cord and particularly at the base of the brain 
stem; some was also noted about spinal nerve roots and the cauda equina. 


DISCUSSION 


Cisternal injection of alumina cream induced epileptic seizures in 4 of 5 
monkeys after a latent period of 15 to 27 days. The epilepsy produced in 
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these animals resembled that seen after the direct application of alumina 
cream to the cerebrum by disc or injection: in both groups there was usually 
a latent period of weeks, a tendency for seizures to be most frequent soon 
after their onset with a likelihood of status epilepticus to occur early, sus- 
ceptibility to activation of clinical seizures by prodding or Metrazol, and 
similar patterns of clinical seizures, electroencephalographic changes and 
behavioral alterations. 

In 1 monkey (#812) the occasional effectiveness of photic stimulation 
(15 flashes per sec. frequency) in provoking clinical seizures was also noted. 

Hurst’s studies** made on a group of more than 40 monkeys demon- 
strated that a variety of dissimilar irritants introduced intracisternally were 
capable of producing damage to superficial nervous structures, cellular pro- 
liferation and fibrosis in the pia arachnoid, and necrosis of media and often 
of adventitia of meningeal arteries. Convulsive seizures occurred in 2 mon- 
keys of his series. In 1 of 2 monkeys injected with a non-ionic detergent 
(alkylated phenol-ethylene-oxide condensate) epilepsy developed 17 days 
post-injection with death 2 days later and in 1 of 3 monkeys injected intra- 
cisternally with an antiseptic (1:6 Di-4’-chlorophenyldiguanidohexane) 
epileptic seizures and death occured in 24 hours after injection. According 
to McLaurin and co-workers,* intracisternal injections of kaolin (aluminum 
silicate) in dogs can produce severe chronic adhesive arachnoiditis with re- 
sultant communicating hydrocephalus and myelomalacia of the cervico- 
thoracic spinal cord. Convulsive seizures, however, were apparently not 
observed in these animals nor were they mentioned in the earlier report of 
Dixon and Heller,? who used intracisternal injections of kaolin in dogs to 
produce elevated intracranial pressure. The meningeal reaction in our case 
(#806) was much milder than that described as following intracisternal kao- 
lin and/or Pantopaque in dogs. The possibility that this difference in me- 
ningeal reaction was influenced by the species used, the type and concentra- 
tion of irritant chemical and the time interval after injection must be con- 
sidered. Further studies of the pathological alterations induced by intra- 
cisternal alumina cream in monkeys are in progress. 

The use of intracisternal injections for the production of chronic epilepsy 
in monkeys has not been previously described. Although the present tech- 
nique has dealt principally with the effects of single intracisternal injections 
of alumina cream, we feel that multiple, repeated intracisternal injections, 
or the injection of other quantities or concentrations of alumina cream or 
related compounds, may also prove effective in producing epilepsy. 

The capacity of alumina cream to exert an epileptogenic effect when in- 
troduced into the cerebrospinal fluid of the subarachnoid spaces by intra- 
cisternal injection or when applied by dise to the cerebral surface indicates 
that an epileptic response may result without application of the alumina 
cream directly into the nervous tissue parenchyma. Our results in this 
respect resemble those obtained by Kennard,*:° who showed that alumina 
cream could exert an irritant effect when injected into the spinal subarach- 
noid spaces of the cat. These findings also suggest that it may be necessary 
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to consider dispersion or reflux into cerebrospinal fluid from cerebral sites 


of application as a factor affecting the epileptic reaction of monkeys treated 
with alumina cream. 


SUMMARY 


The clinical and electroencephalographic changes associated with injec- 


tions of alumina cream into the cisterna magna of 5 monkeys are described. 
Epileptic seizures occurred in 4 which resembled in many features those of 
chronic experimental epilepsy produced by application of alumina cream 
directly to a cerebral hemisphere. 
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system was introduced by Dandy and Blackfan in 1913.4° They as- 

sumed this dye labeled cerebrospinal fluid as a whole and that it could 
be used as a measure of the absorption rate of cerebrospinal fluid as well as 
communication between the ventricles and the spinal subarachnoid space. 
However, new information about the cerebrospinal fluid which has been 
obtained through the use of radio-active and stable isotope tracers! has 
made it necessary to re-examine the basic principles involved in this test to 
determine whether or not the interpretations usually placed on it are valid. 
This paper is a study of this test based upon some 301 dye studies done on 
various patients of the neurosurgical service of The Children’s Medical 
Center, Boston. 


Ts use of phenolsulphonphthalein to study the cerebrospinal fluid 


MATERIALS AND METHODS 


| The dye studies considered here have been carried out on neurosurgical 
| patients (mostly under 2 years of age) as a part of their clinical investigation. 
The test has been done in very nearly the manner described originally, except 
that absorption of dye was studied only after ventricular injection. 
Bilateral ventricular taps were done after investigation of the subdural 
spaces; simultaneously a lumbar puncture was done. The cerebrospinal fluid 
pressure of both the lumbar and ventricular regions was measured and 
samples of fluid were taken for study. Then 1 ce. of a neutral solution con- 
taining 6 mg. of phenolsulphonphthalein was placed into one lateral cerebral 
ventricle. The cerebrospinal fluid was allowed to drip from the lumbar needle 
for 30 to 60 minutes onto a gauze which had been soaked in ammonia. The 
| time elapsed between injection of the dye and its appearance in the lumbar 
fluid was taken as the “communication time.”” Dye was usually allowed to 
drip for some short period after this to see if the dye became more concen- 
trated. In some cases in which no dye appeared in the 30- to 60-minute period 
repeated lumbar punctures were carried out at intervals of 1 or more hours 
for a 24-hour period. After all of the needles were removed, the urine was 
collected for a period of 24 hours with specimens being taken separately at 


intervals of 2, 3, 6, 8, 12 and 24 hours. The number of specimens from any 


* This investigation was supported in part by research grant B-157(C) from the National Institute 
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one patient depended upon the urinary output, which was enhanced by 
forcing fluids orally and occasionally giving them parenterally. The amount 
of phenolsulphonphthalein excreted during each interval was calculated as 
a percentage of the total amount given. In a small group of patients the 
disappearance of the dye from the cerebral ventricles was followed as well as 
the excretion of the dye in the urine. This technique allows a measure of the 
volume of cerebrospinal fluid by measuring the dilution of the dye. 

The time required fot half of a tracer (in this case, phenolsulphon- 
phthalein) to be removed can be used as a measure of its turnover or ex- 
change rate. This time, known as the “half time,” will be used in the 
discussion of the data being considered here. 

RESULTS 

Communication of the Ventricles with the Subarachnoid Space. In 130 of 
the 301 patients tested, communication of the ventricles with the lumbar 
subarachnoid space was demonstrated by dye. The time of communication 
was recorded in 123 cases, and in 7 communication was found but the time 
was not recorded. These times were fairly well grouped and have been ex- 
amined by standard statistical methods. The range of communication time 
was 0.3 minute to about 24 hours. The communication times over 1 hour are 
not strictly comparable as they were determined by multiple puncture and 
not steady flow. The mean time for dye to appear in the lumbar suba- 
rachnoid space after injection into the cerebral ventricles was 6.7 minutes 
with a 0.3 standard deviation from the mean of 4-6 minutes. This suggests 
that in any child who shows no communication within 20 minutes (mean 
plus 3 standard deviation) there is probably inadequate communication or 
the flow of cerebrospinal fluid is obstructed, and any patient who does not 
show signs of communication within 15 minutes should be regarded with 
great suspicion. It should be pointed out here that very often when doing 
this test the spinal fluid will stop flowing after a few minutes even though the 
needle is still in the subarachnoid space. This has been found to be a true 
indication of noncommunication between the ventricles and lumbar sub- 
arachnoid space. 

There were 14 patients in this group in whom communication of the 
ventricles with the spinal subarachnoid space could not be confirmed by air 
ventriculography or who were thought to have obstructive hydrocephalus 
on other clinical grounds. In 5 of these patients, dve was not found in the 
lumbar cerebrospinal fluid for several hours, and this would be considered as 
evidence of noncommunication by the time limits given here. Three of these 
patients had obstruction of the foramina of Magendie and Luschka, 1 had 
an aqueductal atresia proven at operation, and in 1 no surgery was carried 
out. Four of the other 9 patients with relatively shorter communication 
times were found to have obstruction of the foramina of Magendie and 
Luschka which was seen in the air studies. The passage of dye in these pa- 
tients was slow (over 10 minutes in all but 1) and the dye never reached a 
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high concentration in the lumbar fluid. Two of the remaining 5 were not ex- 
plored, so nothing certain is known about the state of the aqueduct or the 
posterior fossa. In the remaining 3, exploration was carried out. Only 1 of 
these was found to have an occluded aqueduct through which neither fluid 
or dye would flow nor could a catheter be passed. In 1 there was considered 
to be a partial aqueductal stenosis at operation, as fluid could be seen to 
be flowing through it easily but a catheter would not pass. In 1, the aqueduct 
vas found to be open at operation and no other lesion was described. 

Comment. From the review of these tests it appears that communication 
is most quickly established if the fluid is allowed to drip continually from the 
lumbar needle. This should be allowed to continue for at least 15 minutes 
or until no more fluid will flow. If dye has not appeared in this time, or if 
the subarachnoid space runs dry, it is fairly certain that there is inadequate 
communication between the ventricles and the lumbar region. If the air 
studies do not confirm the inadequacy of communication found by the dye 
test and do not show some other lesion, both the air studies and the dye test 
should be carefully reviewed and perhaps repeated before deciding upon 
the diagnosis and planning therapy. 

Removal of Phenolsulphonphthalein from the Cerebrospinal Fluid. The 
absorption and urinary excretion of phenolsulphonphthalein were adequately 
observed in 159 patients. Of these, 85 had communicating hydrocephalus, 
71 had noncommunicating hydrocephalus, and 3 had cerebrospinal fluid 
systems of relatively normal size without increased pressure. Dye appeared 
in the urine within 2 hours in all types of patients, but not in equal concen- 
tration. No attempt was made to determine how fast it appeared in the 
urine. The normal children eliminated almost all of the dye within 24 hours. 
The hydrocephalic patients were much slower as a group but there was 
great variation among patients. Those with communicating hydrocephalus 
had a mean 24-hour dye excretion of 33 per cent with a range from 6 per cent 
to 86 per cent. Those with noncommunicating hydrocephalus had a mean 
24-hour dye excretion of 23 per cent with a range of 9 per cent to 53 per cent. 
While these mean figures are in agreement with the original data of Blackfan 
and Dandy, the range of variation among the patients of each group is so 
great and there is so much overlap that the test is rendered valueless in dif- 
ferential diagnosis for the individual patient. These data are graphically 
summarized in Fig. 1. 

These results do suggest that absorption of phenolsulphonphthalein is 
slower in hydrocephalus, but a careful examination of the concepts upon 
which the test is based will show that this conclusion is not true. 

This test is based upon the assumption that phenolsulphonphthalein 
labels cerebrospinal fluid as a whole. However, recent tracer studies'~ have 
shown that most of the constituents of cerebrospinal fluid move at their own 
individual rates and no one substance that has been studied can be used as 
a measure of cerebrospinal fluid in toto. Since there is no evidence to show 
that phenolsulphonphthalein is a special case and does in fact represent 
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Fic. 1. The removal of phenolsulphonphthalein from the cerebrospinal fluid after injection into the 
cerebral ventricles of normal and hydrocephalic infants. The cross-hatched area, which represents the 
spread of results obtained in patients with communicating hydrocephalus, completely covers the solid 
area, which represents the spread of patients with noncommunicating hydrocephalus. This chart is based 
on data obtained by studying the time of appearance of the dye in the urine. 


cerebrospinal fluid as a whole, this idea must be abandoned in favor of the 
concept that what is being measured is the rate of the handling of phenol- 
sulphonphthalein alone. This does not mean that phenolsulphonphthalein 
‘rannot be an indication of the state of the general absorptive mechanism 
of the cerebrospinal fluid, but before it is so used it must be demonstrated 
that the absorption of phenolsulphonphthalein is, in fact, altered in hydro- 
cephalus. 

As the test has been performed, the same quantity of dye has been used 
regardless of the size of the ventricle. This results in wide variation of 
the concentration of the dye in the cerebrospinal fluid, a fact that would 
markedly affect the rate of its appearance in the urine even if there were no 
difficulty with absorption of the cerebrospinal fluid. The 6 mg. of dye put 
into a normal ventricular system of 10-ce. capacity would result in a con- 
centration of 60 mg. per cent, while the same amount in a hydrocephalic 
patient with 1000 ce. of cerebrospinal fluid would result in a concentration 
of only 0.6 mg. per cent. This difference in concentration would cause the 
appearance of phenolsulphonphthalein in the urine to be very slow even if 
the rate of cerebrospinal fluid absorption were the same in both patients. 

This can be clearly demonstrated by a simple analogy. Suppose there is 
in a bathroom a wash basin of 5 liters’ capacity and a bathtub of 500 liters’ 
capacity. Suppose further that both of them are full but that water is con- 
tinually running into both of them and out at the same rate of overflow, 
say 2.5 liters per minute (Fig. 2). Now suppose the same amount of some 
dye is introduced into the bathtub and the wash basin. The concentration of 
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the dye in the wash basin will be 100 times that in the tub, just as the con- 
centration of the dve is much greater in the normal ventricle than in the hy- 
drocephalic ventricle. Now if the outflow is collected, it will be seen that in 
1 minute the wash basin will have had half its volume replaced and therefore 
about half the dye will have come out: so it can be said that the dye “half 
time” of the basin is about 1 minute. The bathtub, on the other hand, will 
require 100 minutes for half its volume to be run in and an equal amount 
out, so that here the dye “half time” will be 100 minutes. Using removal of 
the dve alone without considering concentration as in the phenolsulphon- 
phthalein test, one might say that flow in the bathtub was only 1/100 as 
fast as that in the wash basin, although in fact the rates of flow are equal. 
If the percentage of the dye removed were plotted against time for both 
basin and tub, the curves would appear as shown in Fig. 2, which are indeed 
similar to the differences seen between the phenolsulphonphthalein tests of 
the normal and the hydrocephalic patients (Fig. 1). It is apparent from 
this that in the phenolsulphonphthalein test as it is done, neglecting the con- 
centration of the dye in the cerebrospinal fluid, a marked slowing of the 
appearance of the dye in the urine is to be expected in hydrocephalic states, 
whether or not the absolute absorption of the dye has been altered. 

The effect of hydrocephalus on the absolute rate of removal of phenol- 
sulphonphthalein has been investigated by comparing it to D.O, whose 
exchange is known to be unaffected in hydrocephalus,'!? and by relating it 
to ventricular size. A comparison of phenolsulphonphthalein and D,O 
exchange was made in 11 patients, 4 with communicating hydrocephalus 
and 7 with noncommunicating hydrocephalus. The time for half of the 
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Fic. 2. This chart shows the effect of putting the same amount of dye into unequal volumes. The 
concentrations are different and so with equal flow the percentage removal of dye from the larger volume 
is much slower than from the smaller volume in which the concentration of dye is higher. 
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phenolsulphonphthalein or D.O to exchange (half time) was used for com- 
parison. The ratio of these two half times (PSP™ /?/D,07/?) should be the 
same in both normal patients and hydrocephalic patients unless the rate of 
absorption of phenolsulphonphthalein is altered by the hydrocephalic state. 
If the rate of absorption of phenolsulphonphthalein has been decreased, its 
half time will be lengthened and the value of the ratio PSP™ /?/D.0™ 2 will 
be increased. This, however, was not found to be the case. In patients with 
normal cerebrospinal fluid systems this ratio was found to be 31. The mean 
of this ratio in the 5 patients with communicating hydrocephalus was 24, 
and the mean in the patients with noncommunicating hydrocephalus was 30. 

This is extremely good agreement for tests of this kind and it suggests 
very strongly that in hydrocephalus the absolute rate of absorption of 
phenolsulphonphthalein is not altered but it is only the dilution of the dye 
and the change in the surface ‘volume ratio of the ventricles that make this 
exchange apparently decrease. These half times are given in Table 1. 

If the rate of absorption of phenolsulphonphthalein is dependent upon 
factors such as dilution and the surface of the ventricular wall, there should 
be a relationship between the absorption rate of the dye and the surface /vol- 
ume ratio of the ventricle. It can be shown that the ventricular diameter 
‘an be used as a first approximation to this ratio* and that it should have 
linear relationship to the half time of phenolsulphonphthalein, the slope of 
this line being a measure of the absorption rate of phenolsulphonphthalein.* 
The ventricular diameter was measured from air studies of 100 patients; 
50 had noncommunicating hydrocephalus and 50 had communicating 
hydrocephalus. There is indeed a linear relationship between the ventricular 
diameter and the half time of phenolsulphonphthalein excretion, as pre- 
dicted. The regression lines for these two groups, calculated separately by the 
method of least squares, have the same slope, which indicates not only that 
there is a relationship between ventricular size and excretion of phenolsul- 
phonphthalein, but also that it is the same for both communicating and 


* The volume of a mass bounded by curved surfaces is a cubic function of the semi axes while the 
surface area bounding such a mass is a square. Thus the surface/volume ratio can be approximated 
r?/r3 or 1/r. In the case of the lateral ventricles there are two so that the transverse diameter of one ven- 
tricle can be used to approximate the sum of the two radii. 

PSP disappears from the ventricle as an exponential curve. 
I Cesf=Co* t=time after injection of the PSP into the ventricle. 
Co=the maximum concentration of PSP in the CSF when t=0. 
Cesf =the concentration of PSP in the CSF at any time “ft”. 
r=a complex constant of exchange which includes the surface /volume ratio 
and the absolute exchange coefficient. For purposes of this paper it can 
he written S/VK. 
Rearranging I and inserting S/V K for x: 
II In Co/Cesf=S/V Kt 
When t= 71/2 (the PSP half time in this case) In Co/Cesf=In2 by definition. 
Placing this IT and rearranging 
IIT In2/S/V=KT1/2 
Substituting 1/d for S/V where d is the transverse diameter of the ventricle, 
IV dln2=KT1/2 


In2 and K are constants, therefore; a plot of d vs 71/2 should be linear with slope K/In2, 
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TABLE 1 


Comparison of DO exchange and disappearance of phenolsulphonphthalein from ven- 


tricular cerebrospinal fluid in hydrocephalic infants 


Cases 


T1/2 PSP 


T1/2 DO 


Ratio PSP/D,0 


Expected normal 


Mean 5.2 hrs. 10 mins. 31 
Communicating hydrocephalus 
DP. 24 hrs. 95 mins. 15 
D.W. 37 hrs. 78 mins. 28 
S.K. 24 hrs. 80 mins. 28 
D.W. 37 hrs. 81 mins. Q4 
Mean 24 
Noncommunicating hydrocephalus 
A.L. 44 hrs. 75 mins, 35 
E.P. 45 hrs. 178 mins. 15 
Sie 102 hrs. 155 mins, 39 
32 hrs. 80 mins, 
M.T. 47 hrs. 147 mins. 19 
S.W. 156 hrs. 173 mins. 60 
M.T. 47 hrs. 147 mins. 19 
Mean 30 
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Fig. 3. A scattergram of ventricular diameter versus phenolsulphonphthalein half time. Open circles 
=communicating hydrocephalus. Solid circles=noncommunicating hydrocephalus. The slope of the 
regression line, which is a measure of phenolsulphonphthalein exchange, is the same for each group, cal- 
culated separately by the method of least squares. 
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noncommunicating hydrocephalus. There is considerable scatter of points, 
but that is not surprising when one considers that these data were taken 
from routine clinical procedures, in which the error of timing and collecting 
the specimens is always large. From the statistical point of view this great 
scatter of data makes the identical relationship found by calculation in these 
two large groups even more impressive, and the probability of it being chance 
is insignificant. The data for both groups, patients with communicating 
hydrocephalus and those with noncommunicating hydrocephalus, have been 
combined in Fig. 3. 

Dandy and Blackfan’ also measured the excretion of phenolsulphon- 
phthalein when the dye was injected into the lumbar region. They found a 
decreased rate of excretion in communicating hydrocephalus, which they 
interpreted to mean that the pathways over the hemispheres were blocked. 
However, this decreased rate of urinary excretion was only the result of 
dilution of the dve from mixing with the large volume of ventricular fluid 
(which they showed occurred). Proof of this is furnished by their own animal 
experiments in which they ligated the spinal sac in the upper thoracic region, 
injected the phenolsulphonphthalein into the lumbar region and found 
normal rates of urinary excretion. 


CONCLUSIONS 


It seems from this analysis of these tests that absorption of phenolsul- 
phonphthalein does not truly measure the state of the absorption mechanism 
of the cerebrospinal fluid, but measures only the increased volume of cerebro- 
spinal fluid in a very complicated way. It has no real significance in assessing 
the clinical state of a hydrocephalic patient or in deciding what measures 
should be carried out. On the other hand, it is a very useful tool in testing for 
communication between the cerebral ventricles and the lumbar subarach- 
noid space, particularly when combined with adequate air studies. 


SUMMARY 


1. An evaluation of the use of phenolsulphonphthalein in the clinical 
investigation of hydrocephalic children has been carried out in 301 patients: 
130 patients had communicating hydrocephalus and 137 patients had non- 
communicating hydrocephalus. 

2. Adequate communication probably exists between the cerebral ven- 
tricles and the lumbar subarachnoid space if dve appears in the lumbar 
cerebrospinal fluid within 10 minutes after being put into the ventricle when 
the test is carried out as described. Times of appearance longer than this 
are suggestive of an obstructive lesion, and if the dve does not appear within 
18 minutes the patient probably has inadequate cerebrospinal pathways 
between the cerebral ventricles and the spinal subarachnoid space. 

3. Adequate ventricular air studies should also be done, as some obstruc- 
tive cystic lesions of the posterior fossa allow the dye to pass, but not a 
sufficient volume of fluid. 
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4. Any discrepancies between air studies and dye tests should indicate 
further study to confirm the diagnosis. 

5. The absorption of phenolsulphonphthalein is not absolutely altered 
in hydrocephalus, but rather, its slow urinary excretion in hydrocephalus is 
the result of dilution in the enlarged ventricles; apparently this makes the 
absorption slow. 

6. No clinical significance should be placed on slow absorption of phenol- 
sulphonphthalein from the ventricles of a patient with hydrocephalus. 
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E ARE concerned here with the existence of hemifacial spasm as an 

apparent neurological or psychoneurological disturbance charac- 

terized by paroxysmal twitching of all, or part, of the musculature of 
the face. A review of the extensive literature on this subject has been pre- 
sented by the authors! in another publication, and reveals a wide divergence 
of opinion regarding the etiology, classification, and treatment of the facial 
dyskinesias. Considering these discrepancies it seems strange that clinicians 
have not made more effective use of the aid proffered by electrophysiologic 
technics. 

This discussion deals briefly with the assistance gained by the use of such 
technics and their practical applications. 

Utilizing combined clinical and electrophysiologic observation, the hemi- 
facial spasm occurring as an isolated neurological or psvchoneurological en- 
tity can be classified as follows: (a) Spasm caused by cortical irritation. (b) 
Spasm resulting from involvement of the facial nucleus itself. (¢) Spasm 
representing a psychogenic conversion reaction (habit spasm). 

Hemifacial spasms occurring as an accessory symptom in a variety of 
neurological disorders (purulent meningitis, trigeminal neuralgia and te- 
tanus,® encephalitis, aneurysms of the basilar artery,’ cerebellopontine 
tumors,® and following irritation of mes- and diencephalic areas in animals!) 
are not a topic of this discussion. 

Hemifacial spasms caused by cortical irritation are somewhat uncommon 
since additional neurologic signs and symptoms resulting from involvement 
of adjacent cortical areas are usually present. In these cases actual disturb- 
ance of the cerebral neuronal rhythmicity is noted in electroencephalographic 
studies. 

The cases of prime interest to the neurological surgeon, however, are those 
in which the spasms are caused by involvement of the facial nucleus itself, 
which Wartenberg!’ and others* believe to be the site of lesion in this condi- 
tion. Wartenberg classifies hemifacial spasm caused by nuclear firing as (1) 
cryptogenic facial spasm resulting from infectious or degenerative changes, 
or from an inferior Anlage; (2) réaction a distance in lesions of the peripheral 
branches of the facial nerve; and (3) postparalytie facial spasm following 

* Presented before the Harvey Cushing Society, Honolulu, Hawaii, April 17, 1956. 
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Bell’s palsy. It is this type of hemifacial spasm, i.e., caused by nuclear firing, 
which can, and necessarily must, be differentiated from the psychogenic 
variety of habit spasm if neurosurgical measures are to be considered. 
Unlike Thiébaut et al'® we have been unable to differentiate these various 
subtypes of firing electrophysiologically. It seems that there may be a com- 
mon electrophysiological basis for the hemifacial spasm caused by nuclear 
firing. While these three subclassifications show no definite electroencephalo- 
graphic disturbance of cerebral rhythmicity, all show an electromyographic 
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Fic. 1. Hemifacial spasm caused by “nuclear firing.” Maximal mono- and biphasic spike bursts 
over left zygomatic muscle (in spite of clinical accentuation of spasms over left orbicularis oculi muscle). 
(A) Utilizing cup electrodes. (B) Utilizing coaxial needles (see text). 
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pattern of characteristic type. It was interesting to note that mono- and bi- 
phasic spike bursts firing in unison over the facial muscles showed maximal 
gain (200 uV) over the zygomatic muscle, while the visually apparent maxi- 
mum twitching occurred in the left orbicularis oculi muscle. Occasionally 
single spike forms were noted firing in repetitive fashion. A polyphasic spike 
form was noted when recordings were made with coaxial needles placed in 
the zygomatic muscle. The characteristic electromyogram as seen in nuclear 
firing is presented in Fig. 1, demonstrating the typical fasciculation poten- 
tials recorded by a sensitive ink-writer apparatus. For adequate recording 
of the very much faster fibrillations which were observed by us and others,’ 
particularly in the post-paralytic type, a single or preferably double-beam 
cathode-ray oscilloscope will have to be used. 

This type of “nuclear” hemifacial spasm must be strictly differentiated 
from the psychogenic “habit” spasm which occurred much more frequently 
in our series of patients and which is characterized electrophysiologically by 
typical “contraction-bursts,”’ lasting from 300-500 msec. (Fig. 2), and show- 
ing 5-7.5 rapid muscle spindles /100 msec. 

Having used an electrophysiological approach first to determine if the 
hemifacial spasm is caused by (a) cortical irritation, (b) involvement of the 
nucleus itself, or is (ce) actually a psychogenic conversion reaction (habit 
spasm), the problem of adequate therapy comes to mind. 
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Fic. 2. Psychogenic “habit” spasm. Rapid contraction bursts over all left facial electrode 
derivations, each burst showing 5-7.5 muscle spindles/100 msec. (see text). 
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It is important, of course, that conversion reaction or spasm from cortical 
irritation be eliminated from any surgical consideration involving the 7th 
nerve. The obvious attack must be made upon this structure when the 
spasm is caused by nuclear involvement. Without destruction of all or part 
of the facial nerve, no relief of the hemifacial spasm is obtainable. Warten- 
berg!’ stated that only when the facial nerve is eliminated is the patient free 
of spasm. Numerous attempts have been made to relieve the patient, 
attempts ranging from freezing, Novocain, and /or alcohol injection, neuroly- 
sis, decompression and neurolysis, to stretching of the facial nerve.'® Section 
with immediate resuture of the nerve was also recommended by Coleman,’ 
as was changing the innervation of the involved muscles and anastomosing 
the facial nerve with another motor cranial nerve. The nerve-anastomoses 
reported included a facial-accessory anastomosis by Kennedy” and a facial - 
hypoglossal anastomosis by Gibson.!° Simultaneous section of the cervical 
sympathetic chain to produce a Horner’s syndrome with droop of the upper 
lid and some recession of the eve, with a narrowing of the palpebral fissure, 
has also been recommended.!:* However, in the presence of a bilateral hemi- 
facial spasm the use of some of the other motor-cranial nerves would inter- 
fere seriously with eating and drinking. 

German’? proposed the isolation of several primary branches which, upon 
stimulation, caused contraction of those muscles particularly involved in 
the facial spasm. He recommended a small nerve flap composed of three- 
quarters or more of each of the involved branches, the free proximal segment 
to be held loosely in a reverse direction by a lightly tied suture. In 1946 
Greenwood" proposed (in addition to the alcohol block of the nerve) an oper- 
ative technic which sections the zygomatic branch completely as well as the 
lowest (cervical) branch, after repeated testing of the entire nerve by electro- 
stimulation. When the facial nerve was separated into only two divisions, a 
partial division was done. By first dividing the nerve longitudinally with the 
point of a scalpel, an anterior section followed, much in the fashion recom- 
mended by German,’ though the suture was felt to be unnecessary. 

The procedure presented here differs from the others only in that it is 
a more selective partial neurectomy of the facial nerve. The principal fibers 
sectioned are those that are efferent to the predominantly affected muscles. 
Selection of these muscles is, of course, done by the previously mentioned 
electrophysiological technic, since the site of greatest clinical disturbance 
does not always correspond with the site of maximal electromyographic 
disturbance. Having determined which muscle group plays the greatest 
part in the production of the clinical picture, it is important that the great- 
est number of fibers to this particular zone be carefully divided, while 
others to less involved zones are more appropriately spared. 


TECHNIC OF OPERATION 


Under Pentothal anesthesia, with an intratracheal tube in place, the patient is 
prepared and draped for a preauricular operation. The drapes are so arranged that 
they may be elevated in order to observe the patient while stimulation studies are 
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being conducted. A curvilinear incision is made bordering on and paralleling the 
tragus of the ear, swinging below it and down the neck for a short distance (Fig. 3). 
The skin flap is then reflected forward, exposing the parotid gland. With stimulation 
studies the approximate location of the nerve within the gland is made and the gland 
is incised, usually near its anterior edge. The section is carefully carried down to 
the trunk of the facial nerve which is then exposed in its major divisions. Care must 
be taken to avoid damage to the parotid duct. When the facial nerve and its primary 
divisions have been isolated, attention is then directed to those branches supplying 
the area most severely involved. 

Before any procedure is carried out on these branches, however, the entire facial 
nerve is stimulated, using a current of 2 to 3 volts of 60-cycle alternating current, 
usually of a single stimulus type. In keeping with Greenwood’s'' statement, the key 
to successful operation is the ability to locate the nerve and its branches, using 
electrical currents, and to gage the amount of weakness produced in the various 
muscle groups so that a noticeable paralysis is not produced. It is important that 
the orbicularis oculi be left with enough strength to close the eye and still eliminate 
most, if not all, of the twitching. 

Having determined the amount of current necessary to stimulate the entire face 
on the affected side, the surgical attack on the individual divisions is made. Using 
the stimulating electrode to locate the branch leading to that muscle most seriously 
incriminated by the electromyogram, the individual nerve fibers are then teased 
free of the epineurium, using the dissecting needles (Fig. 4). After one such fiber is 
isolated over the needle point, the stimulator is applied. If the end-response to this 
stimulation is properly located with reference to the electromyogram, the fiber is 
then divided. The entire branch is then picked up and stimulated. Another isolated 
fiber is picked up, stimulated and divided. This procedure is continued until enough 
fibers have been sectioned in a specific nerve division so that only a limited response 
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Fic. 4. Isolation of facial nerve fibers over dissecting needles (prior to stimulation and section). 


in the innervated musculature results. Care should be taken to stimulate the entire 
nerve on completing this differential section, to determine the over-all response. 
Using the same current that was used to stimulate the nerve at the beginning of the 
operation, a considerably weaker response should be elicited. This procedure is fol- 
lowed down through the various divisions, different numbers of fibers being sec- 
tioned in each, consistent with the electromyographic response determined previ- 
ously. Upon completion of this partial neurectomy in the involved divisions, the 
total nerve is again stimulated to note the over-all effect. Usually no further section 
is necessary at this point. The parotid gland is then resutured and the incision is 
closed in the usual manner, a pressure dressing being applied. 


Upon awakening, the patient usually shows some weakness when smil- 
ing, though the resting face appears normal. While blinking of the eye is 
possible, it is somewhat sluggish. It is notable that after the 3rd or 4th day, 
postoperatively, an additional degree of paresis of the face occurs frequently, 
then subsequently begins to clear. When healing is completed, in the final 
evaluation of the procedure there is no evidence of paresis of the resting 
face, though upon smiling broadly slight weakness is apparent. Blinking 
motions of the eye are very nearly normal. It must be stated that occasional 
flicker-like spasms are still detectable, especially in oblique light, which 
are not at all disturbing to the patient. 

Of particular interest here is the fact that most of the fibers to the more 
seriously affected part are divided, wherein this particular form of partial 
facial neurectomy differs from those previously employed. It is believed that 
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this more selective type of partial neurectomy is more satisfactory, not only 
from the functional, but from the aesthetic standpoint as well. 


CONCLUSIONS 


(1) Using electrophysiologie technics it is possible to isolate those cases 
of hemifacial spasm caused by involvement of the facial nucleus, or nerve 
radix, from those resulting from cortical irritation, or representing a psycho- 
genic conversion reaction. 

(2) At present the only successful approach for relieving the patient with 
hemifacial spasm caused by “nuclear and/or radicular firing” is a direct 
attack of varying degree upon the facial nerve itself, i.e., the executor of the 
spasm. 

(3) The selective partial neurectomy wherein the fibers efferent to the 
site of maximum electromyographic disturbance are sectioned appears to 
be a more satisfactory approach to this particular surgical problem from 
both a functional and an aesthetic viewpoint. 
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BENIGN TUMORS AT THE FORAMEN MAGNUM: 
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T TIMES, the symptoms of tumors affecting the spinal cord may resemble 
Atte of degenerative diseases of the central nervous system. This is 
ascribable especially, it seems to us, to the capricious nature of the 
unfolding symptoms of benign tumors in the vicinity of the foramen mag- 
num. Unless the physician obtains an accurate history and attributes suffi- 
cient significance to the patient’s often bizarre and at times seemingly func- 
tional subjective complaints, he is likely to deny the patient his ultimate 
opportunity for cure. 

In a previous communication,? two of us (J.G.L. and H.W.D.) with 
Thelen pointed out that approximately 30 per cent of the neoplasms at the 
spinocranial junction are benign, extramedullary, and theoretically com- 
pletely removable. In spite of the benignancy of tumors in this location the 
prognosis is influenced considerably by the size of the neoplasm and conse- 
quently by the duration of the symptoms caused by it. It seemed timely, 
therefore, to analyze the symptoms and signs of the tumor, and the clinical 
course in the 30 cases of benign tumors at the foramen magnum encountered 
at the Mayo Clinic from 1924 to 1956. 

Twenty-six of these tumors were meningiomas and 4 were neurofibromas. 
Nineteen patients were females and 11 were males. The youngest patient 
was 19 years old, and the oldest 69 years. The age group from 40 to 50 years 
was the most common period for the occurrence of a benign tumor at the 
foramen magnum, 14 tumors being present in patients of this age (Fig. 1). 

Twenty-seven of the 30 patients harboring benign neoplasms in this 
location underwent surgery. Of the 3 patients not operated on, 1, a woman in 
the last trimester of pregnancy, was moribund on admission and died shortly 
after admission; another elected to defer operation and died a few days later 
in respiratory failure, and the last patient was considered to have an in- 
operable lesion after pneumoventriculography. In each of these 3 cases, 
postmortem examination was performed, and the diagnosis was verified 
grossly and by microscopic section. 


* Read at the meeting of the Harvey Cushing Society, Honolulu, Hawaii, April 17, 1956. 
+ The Mayo Foundation, Rochester, Minnesota, is a part of the Graduate School of the University 
of Minnesota. 
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Fig. 1. Distribution of cases according to age of the 30 patients with benign extramedullary 
tumors affecting the neuraxis at the level of the foramen magnum. 


SYMPTOMATOLOGY 

The outstanding initial symptom in our series of cases was posterior 
cervical pain which frequently extended into the occiput. Fourteen patients 
gave cervical pain as the initial complaint and 6 gave suboccipital headache. 
Five additional patients said that one or the other of these symptoms had 
been present at some time. In a few instances cervical pain had preceded 
all other symptoms by several years, and in 1 instance, remarkably enough, 
by 12 years. The cervical pain was described as extending into the occiput 
and sometimes into the frontotemporal regions. The cervico-occipital pain 
was often influenced by coughing, straining, sneezing and the position of 
the patient’s neck. Increasing discomfort was often initiated by movement 
of the neck, forcing the patient to keep his neck in a protective tilt. 

In the course of the disease, paresthesia and definite numbness were 
frequently present in the cervico-occipital area, and hyperesthesia was not 
infrequent. In 2 instances the patient told of marked tenderness in the 
neck and occiput which rendered lying on his back almost impossible. 

A feeling of weakness of an extremity, usually the upper extremity, was 
the next most common initial complaint; 6 patients mentioned this, while 
another 3 patients had paresthetic sensations in the hand or foot as the 
earliest symptom. In another patient, the initial symptom was low-back and 
sciatic pain; this was present for several years and was followed subsequently 
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by pain and numbness in the other lower extremity. This reminds one of the 
not infrequent occurrence of sciatic type of pain associated with tumors of 
the cervical portion of the spinal cord. 

Paresthesia, described as tingling, prickling, burning and coldness, was 
present at some time in 26 patients and was seen in order of frequency in 
fingers, hands, arms, neck, scalp and legs. An interesting early complaint 
in 2 cases was tingling paresthesia starting in the fifth finger of one hand and 
gradually involving the fourth, third and second fingers, whereas the thumb 
was involved last. Subsequently, the other hand was involved in similar 
fashion. 

A most intriguing finding among the sensory complaints was the in- 
fluence of the patient’s position in their production. In a typical case, the 
patient complained that his fingers became numb, and he experienced 
cramps in his arms only when he lay down. Another patient gave a similar 
history caused only by lying on his left side. Other symptoms were a “tight 
band” around the abdomen, neck, chest, or upper extremity or in all, elec- 
tric shocks in the extremities on bending the neck, and tingling or numbness 
in the tongue. Because of girdle pain, abdominal discomfort, nausea and 
vomiting, one of our patients had cholecystectomy performed elsewhere. 

Muscie weakness was present, at some time, in the history of 26 patients, 
although the neurologic examination did not always confirm this objec- 
tively. The weakness was commonly described by the patient as starting in 
one extremity, especially one arm, and then typically would progress to the 
lower extremity on the same side. Difficulty in swallowing was experienced 
by 9 patients, and respiratory difficulty or weakness of respiration was evi- 
denced by 6 patients. A curious complaint of many patients was that the 
effort associated with ordinary conversation exhausted them. Because of 
this, on one or two occasions the diagnosis of myasthenia gravis was enter- 
tained early in the clinical evaluation. 

One patient stated that the act of yawning was followed by a “drawing 
feeling” in his right extremities, followed by spontaneous purposeless move- 
ment of these extremities. Another patient complained that on sneezing or 
yawning, his extremities would become rigid and begin to shake. 

Six patients were unable to stand at the time of admission, and 12 others 
gave histories of difficulty in walking. Several patients complained that they 
stumbled in the dark or had difficulty remaining on their feet on closing their 
eyes. 

Although the severity of the symptoms described by the patients usually 
progressed steadily, on occasion, transient symptomatic improvement would 
follow contrast baths, vitamin therapy and the like. This often proved 
confusing in unraveling the true picture. Cervical pain, treated by manipu- 
lation, did respond favorably in a few instances. However, the immediate 
onset of transient quadriplegia in certain patients following such manipula- 
tion bespeaks the precarious existence on the precipitous edge of neurologic 
decompensation in which many of these patients exist. 
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NEUROLOGIC FINDINGS 


Evidence of encroachment on the cranial nerves by these benign tumors 
was observed in 15 patients. In 9 patients the affection was bilateral, and in 
6, unilateral. 

The 11th cranial nerve was affected most commonly. This undoubtedly 
can be explained by its lateral location and extension of its roots of origin 
over three to four cervical segments. In 6 instances the disturbance was 
bilateral, and in 5 unilateral. Of the other cranial nerves, the 10th and the 
12th were affected in 4 cases each, the 5th and 9th were affected in 3 cases 
each, and the 7th and 8th in 1 case each. 

In 9 patients neurologic examination did not elicit any objective sensory 
changes. In another 11 patients disassociation occurred between the three 
sensory modalities. Frequently (7 cases) tactile sense was preserved, whereas 
the appreciation of pain and temperature was disturbed to varying degrees. 

All modalities of sensation were disturbed on the entire body below the 
neck of 6 patients. In 1 patient (reported elsewhere’), the only remaining 
sensation was limited to the distribution on the face of the 5th cranial nerve, 
and even this was partially affected. In another 5 patients the sensory dis- 
turbance was entirely unilateral, as an arm and leg; in 4 hemianesthesia 
was found below the neck, and in another 4 anesthesia involved only one 
extremity. 

Certain peculiar sensory patterns encountered in some of these patients 
were often the despair of the neurologist laboring to piece together the 
anamnesis and neurologic findings. One extremity might be spared a sensory 
deficit, or the sensory deficit might involve only the saddle area. Other defi- 
cits involved the homolateral hand and foot only, or both arms only. In 1 
patient the sensory deficits were spotty, literally defying analysis. In 6 
cases the most marked sensory disturbance was opposite to the side of the 
tumor. It should be mentioned, however, that the objective sensory changes 
at times were of such minor degree that they were difficult to elicit and 
record. 

Loss of vibratory and joint sense did not always parallel the disturbance 
of other modalities of sensation, for sometimes these were preserved in the 
face of a disturbance of sensation of the entire body below the neck. An un- 
usual finding was loss of vibratory and joint sense in the upper extremities 
and their preservation in the lower extremities. 

Two patients showed no motor or sensory loss and 3 proved to have 
cranial nerve involvement only. In 7 no sensory deficit was elicitable, and 
only loss of motor power was found. This unusual state occurred in 3 patients 
who were suffering from severe loss of motor power. On the other hand, 1 
patient had marked sensory loss without disturbance of motor function; 1 
patient had all of the signs (motor and sensory loss, involvement of cranial 
nerve and Babinski response), but they were unilateral. 

Of the entire 30 patients, only 3 had entirely normal muscle power. In 
general, if weakness was present, the upper extremities were weaker than the 
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lower extremities. The muscular weakness in the patients examined by us 
was always more pronounced on the side of the tumor. Four patients were 
quadriplegic and 5 others, quadriparetic. Seven patients had unilateral loss 
of motor function; 3 were hemiplegic, and 4, hemiparetic. Two patients had 
paraparesis of the upper extremities and 1, of the lower extremities. One 
patient had paresis of one arm, while only the small muscles of both hands 
were involved in 2 others. Involvement of the diaphragm occurred in 6 
patients and proved to be a serious complication. 

Reflex changes were present in all but 3 of the patients studied and the 
reflexes were, as a rule, hyperactive. The Babinski response was obtained in 
25 patients, in 5 instances unilaterally. 

A large majority (21) of the patients harboring benign tumors at the 
foramen magnum had evidence of a stiff neck or limited mobility of the 
neck, at times to a marked degree. This sign seems to us to be worthy of 
emphasis. Tenderness of the muscles of the neck on palpation and tender- 
ness of the cervical vertebrae to percussion were also prominent signs in 
these patients. 

Muscular co-ordination was recorded to be entirely normal in only 2 
patients, and the Romberg sign was positive in 15 patients. Twenty-one of 
the 30 patients examined showed disturbances of gait frequently described 
as “spastic and ataxic.” 


OCULAR FINDINGS 


About half of the patients afflicted with benign neoplasms at the level 
of the foramen magnum had horizontal nystagmus. Palsy of extra-ocular 
muscles occurred in 3 cases: it consisted of bilateral and unilateral 6th 
nerve palsy in 1 case each, and unilateral paralysis of the 3rd nerve in 1 
case. In 1 other patient the corneal reflexes were decreased bilaterally. 

One of the most interesting differences in this group of 30 benign tumors 
at the foramen magnum, as compared to our previous group of 74 tumors of 
all types, was the low incidence of choking of the optic disks associated 
with benign lesions (3, or 10 per cent of cases) and the high incidence of 
such choking (37 out of 74, or 50 per cent of cases) in the mixed tumor 
group. This suggests that the presence of papilledema in a patient with 
symptoms of a lesion at the level of the foramen magnum may be the clue 
for a guarded prognosis by the surgeon. 


ROENTGENOLOGIC FINDINGS 


In marked contrast to the mixed group of tumors in this area (previ- 
ously reported), the benign tumors (neurofibromas and meningiomas) seen 
at the clinic showed surprisingly few roentgenologic changes. The outstand- 
ing roentgenographic change was enlargement of the intervertebral fora- 
men between the Ist and 2nd cervical vertebrae (Fig. 2). At the clinic, rou- 
tine roentgenographic examination of the skull includes postero-anterior, 
stereoscopic lateral, and Towne views. Anteroposterior, lateral and usually 
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Fic. 2. Marked enlargement of a cervical intervertebral foramen caused 
by benign extramedullary neurofibroma. 


three-quarter views of the cervical portion of the spinal column also are 
obtained when a cervical lesion or a tumor at the foramen magnum is 
suspected. 


DIFFERENTIAL DIAGNOSIS AND THE FINDINGS 
ON SURGICAL DIAGNOSTIC PROCEDURES 

The presumptive diagnosis, which had been made on many of these 
patients before they were examined at the clinic, was multiple sclerosis. 
syringomyelia, amyotrophic lateral sclerosis, chronic encephalomyelitis or 
primary lateral sclerosis. 

An additional group of diagnoses attached to patients afflicted with be- 
nign neoplasms of the foramen magnum, but less common, were: subluxa- 
tion of the upper cervical vertebrae, brachial plexus neuritis, platybasia, 
protrusion of an upper cervical disk, cervical cord tumor and posterior 
fossa tumor.!® 

The pitfalls to early diagnosis are many, and at times it is difficult for 
the physician to readjust his frame of mind to suspect a slow-growing benign 
tumor in the vicinity of the foramen magnum once he has been lulled into 
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the positive security of the diagnosis of a 
degenerative disease of the nervous system 
beyond hope of recall. 

After careful consideration of the lab- 
oratory and surgical tests employed as aids 
to the clinical neurologic diagnosis in these 
cases, certain recurring points of interest 
have come to attention. 

In previous papers** the surgical diag- 
nostic methods employed in visualization of 
the spinocranial junction, such as ventric- 
ulography, pneumoencephalography, and 
spinal myelography with radiopaque iodine, 
and the surgical philosophy behind the indi- 
vidual selection of these tests have been 
discussed and need not be mentioned fur- 
ther here (Figs. 3 and 4). 

Of some importance, however, is the 
knowledge that in the presence of a benign 
tumor at the spinocranial junction, 5 of the 
20 patients who underwent spinal puncture 
had complete blocking of the subarachnoid 

Fic. 3. Complete spinal subarachnoid 
pathway s of the spinal fluid and 6 others block to the passage of ethyl iodophenyl- 
had partial blocking. The Queckenstedt —undecylate (Pantopaque) by a benign 
maneuver was carried out in 19 cases, tumor at the foramen magnum. Occa- 
: sionally herniation of the cerebellar tonsils 
| apilledema was associated with only 3 of through the foramen magnum will cause 
the 30 cases of benign tumors and when a defect in the oil column which resembles 
there is papilledema the Queckenstedt test the outline of a tumor. 
should not be done. 

The values for protein in the spinal fluid ranged from 55 mg. to 2,400 
mg. per 100 cc. Oddly enough, the lowest value of protein in the spinal 
fluid and the highest obtained occurred in the presence of neurofibromas. 
The cellular content of the spinal fluid of 18 of the 20 patients undergoing 
spinal puncture was normal (Table 1). 

Once again we believe it timely to recommend certain precautions when 
spinal puncture is undertaken in cases in which a lesion high in the cervical 
portion of the spinal canal is suspected. The surgeon should see that facili- 
ties are available not only for the maintenance of respiration if sudden res- 
piratory failure should ensue, but also for immediate decompressive cervico- 
occipital laminectomy, if necessity dictates. Emergency ventricular tap and 
drainage might even be necessary to “uncork” the foramen magnum. 

The electroencephalograph has proved of little value as a diagnostic 
aid, but more recently electromyographic studies have given much promise 
as a valuable laboratory method of more precise localization by dermato- 
metric means. 
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Fic. 4. Pneumoventriculogram to demonstrate distortion of lower end of aqueduct of Sylvius and 


the 4th ventricle by an anteriorly placed meningioma at the foramen magnum. (A) Lateral view. (B) 
Postero-anterior view. 


On occasion the surgeon will be placed in the depressing situation of 
encountering a patient with the clinical picture of progressive ‘“demye- 
linizing” disease of the upper cervical part of the cord on whom all special 
tests are of relatively little value, and who has a high normal protein content 
in the cerebrospinal fluid (40 mg. per 100 ec.). It is our belief that after 
frank and considerate explanation to the patient and his relatives of the 
many facets of the problem, a direct cervico-occipital exploration is prefer- 
able to a regimen of watchful waiting until neurologic deterioration pre- 
cludes recovery should a remediable lesion be ultimately uncovered. 


SURGICAL ASPECTS 


The surgical attack on tumors situated at the foramen magnum has 
been previously considered in some detail but certain facts stand out con- 


TABLE 1 


Protein content of cerebrospinal fluid 


Protein, mg. per 100 ce. 


Less than | More than 
100 | | 
55* 10 350 
70 120 | 400 
80 120 950t 
90 140* 2,400*F 

| 1507 
} 150 
| 150 

160 


* A neurofibroma was associated. 
+ These figures denote a complete block to the subarachnoid pathways of spinal fluid. One addi- 
tional patient had complete spinal block but protein values in the spinal fluid were not determined. 
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cerning the handling of benign extramedullary neoplasms in this region. 
Respiratory problems are frequent in these cases and also in cases in which 
swallowing is affected because of involvement of the 10th cranial nerve and 
adjacent nerves. Preoperative tracheotomy may be essential for the main- 
tenance of an adequate airway and for better evacuation of secretions both 
during and after operation. During surgical intervention, the upright posi- 
tion is employed most commonly unless a definite contraindication exists. 
One of our patients ceased breathing every time he was placed erect, and 
another patient had to be operated on in a chest respirator. It should be 
emphasized that flexion of the neck may be hazardous in positioning pa- 
tients with benign tumors at the foramen magnum for operation and may 
cause or add to existing respiratory embarrassment. 

On occasion, artificial respiration had to be resorted to shortly after the 
beginning of the operation, and respiratory function was regained only when 
the dura mater over the foramen magnum was opened. On a few occasions, 
a respirator was kept ready postoperatively in order to assist the patient’s 
breathing should it become necessary. That respiratory trouble can occur 
with a paucity of preoperative respiratory warning is well illustrated by the 
following case. 


Case 1. A 42-year-old white housewife first registered at the clinic on Dec. 29, 
1954, for a main complaint of pain in the left side of her neck extending up into her 
scalp over the back of her head. The patient stated that she had been in good health 
until approximately a year and 9 months before admission. At that time, April, 
1953, pain began in the back of her neck on the left and extended to the back of her 
head on the same side. This pain became progressively worse. In the meantime, the 
patient had become pregnant. 

In January, 1954, after delivery of her child, some remission of the pain took 
place for several months, but then it gradually worsened. Six months later she began 
to experience throbbing bandlike headache, which was more severe than the neck 
pain, which was still present. By September, 1954, weakness developed in the pa- 
tient’s left arm with loss of fine movements in the left hand, and she also noted a 
minimal tremor in this hand. 

One month prior to admission at the clinic the patient noted that she was un- 
able to judge the temperature of water with her right leg, and she also began to 
complain of numbness and “‘weakness” of the right leg. Weakness, however, was 
also noted in the left leg, even to a more severe degree. Continual stiffness of the 
neck bothered the patient considerably and, for the past several months, she had had 
difficulty in voiding. 

Examination. General physical findings were unremarkable. Ophthalmologic 
examination revealed that the gross visual fields, extra-ocular movements and reac- 
tions of the pupils were normal. The optic disks were normal. The positive neuro- 
logic findings were Hoffmann’s reflex on the left, and moderate weakness of the 
muscles of the left shoulder and upper extremity. The adductor, abductor, the 
hamstrings and the quadriceps group of the left lower extremity were weakened 
slightly. There was moderate decrease of touch, pain and temperature sense of the 
entire right side of the body below the chin; vibration and joint sense were normal. 
Co-ordination was impaired in the left extremities. The plantar response was flexor. 

Results of routine laboratory studies of the blood and urine were within normal 
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limits, and roentgenograms of the skull, cervical vertebrae and chest showed normal 
conditions. A diagnosis was made of tumor high in the cervical portion of the spinal 
canal or possibly at the foramen magnum. 

Examination of the spinal pathways after injection of ethyl iodophenylundecylate 
(Pantopaque) revealed a well-circumscribed filling defect in the oil column at the 
level of the 1st and 2nd cervical segments. Block of the spinal subarachnoid path- 
ways to the Queckenstedt test was almost complete. During the lumbar puncture, 
clear colorless cerebrospinal fluid was obtained at an initial pressure of 6 cm. of 
water. The spinal fluid had a total protein content of 150 mg. per 100 cc. while 2 
lymphocytes and 2 erythrocytes were present (gold 001110). 

Operation. On Jan. 6, 1955, the patient was operated on in the upright position; 
thiopental (Pentothal) anesthesia was used. A laminectomy of the Ist and 2nd 
cervical vertebrae was performed and the rim of the foramen magnum was removed 
together with a small portion of occipital bone. Shortly after the beginning of the 
operative procedure, the patient’s respirations had to be assisted. As soon as the 
rim of the foramen magnum was removed and the dura mater was opened, the 
patient’s respirations improved markedly. A large meningioma was uncovered on 
the left side, anterior and lateral to the upper cervical portion of the spinal cord and 
to the medulla; it arose from the dura mater opposite the Ist cervical nerve root. 
It was necessary to sacrifice the Ist cervical nerve and a portion of the posterior 
root of the 2nd cervical nerve in order to remove the tumor from its lateral attach- 
ments. After removal of the tumor had been completed, the cord pulsated normally 
and it did not show any gross damage other than distortion caused by the tumor. 

Postoperative course was uneventful. When last seen 10 months after operation, 
the patient appeared to be much improved. No weakness could be detected in the 
extremities. Deep tendon reflexes were moderately increased, but the plantar re- 
flexes were bilaterally flexor. There were no sensory abnormalities except for the 
loss from section of nerve roots at operation and almost complete absence of joint 
sense in the left lower extremity, and mildly decreased joint sense in the left upper 
extremity. 


Location of Tumors. Four tumors were found at the time of operation 
in a position lateral to the cervical part of the spinal cord and medulla, and 
5 neoplasms were found readily in a posterolateral position. But more often, 
in 20 instances, the position of the benign tumor was anterior or anterolateral 
to the upper cervical part of the spinal cord and to the medulla.* On several 
occasions the cerebellar tonsils had herniated below the foramen magnum, 
sometimes to the level of the 2nd cervical vertebrae (Fig. 5). 

With tumors arising in an anterior position (basilar groove), the upper 
cervical part of the cord and medulla were pushed posteriorly, rotated and 
stretched over the tumor, and often were thinned up to a third of the normal 
size (Fig. 6). On occasion, the tumor presented only with a small part pro- 
jecting through the foramen magnum, making it possible to deliver the 
neoplasm without removal of the posterior rim of the foramen magnum. The 
Ist and 2nd cervical roots and the rootlets of the 11th nerve were often 
stretched over the tumor, when the latter was in an anterior position. Re- 


* In 1 case in which the lesion was considered inoperable by us and the patient died elsewhere, the 
brain was returned for pathologic examination and study. 
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Fic. 5. Location of 28 of the 30 benign neoplasms occurring at the foramen magnum. One patient 
not included had multiple tumors, and another patient died elsewhere and the exact location at the 
foramen magnum could not be pathologically verified by us. The arabic figures indicate the number ot 
1€ times benign tumors were encountered in each location. The cranial and upper cervical nerves are shown 
it in solid black. 
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Fic. 6. Compression and rotation of the upper cervical spinal cord and medulla by a benign extra- 
medullary tumor. Note the thinning of the cervical portion of the spinal cord and the stretching of the 
nerve roots. 
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peatedly, the Ist or 2nd cervical root or rootlets of the 11th nerve had to be 
divided to allow delivery of the tumor. 

At times the vertebral artery was compressed by, or embedded in, tumor 
tissue or was stretched over the dome of a tumor. The basilar artery was 
occasionally involved in similar fashion. The 9th, 10th and 11th nerves 
and adjacent major blood vessels sometimes were embedded in tumor tis- 
sue, and on several occasions the neoplasm extended high into the cerebello- 
pontine angle on the same side. Often small branches of the basilar or pos- 
terior inferior cerebellar artery contributed part of the blood supply of the 
neoplasm. The tumors originated from the Ist or 2nd cervical nerve roots, 
the upper cervical part of the dura mater, the rim of the foramen magnum, 
around the jugular foramen, and in the basilar groove anterior to the 
medulla. At other times, however, it was impossible to determine the exact 
origin of the neoplasm. 

When the bulk of the neoplasm lies anterior to the cervical portion of the 
spinal cord or to the medulla, bilateral section of the dentate ligaments and 
anterior and posterior cervical nerve roots, if necessary, allows greater 
mobility. The tumor should frequently be approached and removed piece 
by piece with utmost care before removal of the capsule is attempted, and 
the capsule or the attachment of the growth to the dura mater may have 
to be left behind when it is located anterior to the cord or in the basilar 
groove, or encroaches on the basilar or vertebral artery. An extension of 
the tumor into the cerebellopontine angle may so encroach on the con- 
tiguous cranial nerves that complete removal is difficult or fraught with too 
great a hazard. It should be realized that complete removal of tumors in this 
anterior (basilar groove) or anterolateral position, despite their benignancy, 
may yield only a Pyrrhic victory gained at the cost of great damage to cord 
or medulla, or ultimate demise of the patient. 

Sixteen tumors were classified as spinocranial and 14 as craniospinal. Of 
the 26 meningiomas in this series, 3 were classified pathologically as cellular 


TABLE 2 


Results of follow-up inquiries and re-examination of 30 patients 


Results | Cases 


No operation | 3 
Operative deaths | 2 
Lost to follow-up 4 

Postoperative results 
Died in 3 or 4 months 2 
Died 2, 5, 17 and 19 years after operation of other causes; neurologically well 4 
Alive and well* 12 
Alive but has neurologic deficit 2, 2 and 6 years after operation 3 
Total 30 


* Time since operation: 4 to 10 months in 4 cases; 2 years in 3 cases; 7 years in 2 cases; 3, 4 and 20 
years in 1 case each. 
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active meningiomas. One patient died 10 hours after operation and another, 
7 days after operation of medullary infarction. Four patients were lost to 
follow-up. Results in the remaining cases are given in Table 2. 

A striking immediate result was the rapid and often unexpected neuro- 
logic improvement in many cases once the benign extramedullary compres- 
sive lesion had been removed. 


COMMENT 


As has been brought out by ourselves and others, the difficult discovery 
and the bizarre clinical patterns associated with benign extramedullary 
neoplasms in the vicinity of the foramen magnum, particularly those in an 
anterior or basilar groove location, may be ascribable to several factors. 

In the first place, the cerebrospinal fluid cisterns of this region allow 
room for steady continued growth and displacement of adjacent neurologic 
structures to a sometimes marked degree before the limit of their tolerance 
is reached or before the continuing pressure of the growing tumor causes 
impingement of the adjacent neural tissue against some hard unyielding sur- 
face. In addition, a major portion of the blood supply to the upper cervical 
part of the cord and to the medulla, as the vessels lie anteriorly, may be- 
come progressively compromised and may give peculiar unrelated and dis- 
tant bizarre signs, difficult to place in a diagnostic pattern. Moreover, 
obstruction to the cerebrospinal fluid pathways by the extramedullary 
masses may not give the helpful warning signs of headache, nausea, vomit- 
ing and papilledema until late in the course of the disease because of the 
room afforded by the subarachnoid cisterns in this area. The common oc- 
currence of cervico-occipital pain, stiff neck and paralysis of the 11th cranial 
nerve are all readily explainable by the adjacent anatomy. 

Are there, then, any signposts associated with these benign tumors that 
can put the physician on guard early? In the analysis of our 30 cases of 
benign tumors, it has occurred to us that despite the classic picture of a de- 
generative disease of the nervous system, the clues described in Table 3 
should alert the physician to the possibility of tumor. 

Too many patients in our series were given an initial diagnosis of de- 
generative disease of the central nervous system, especially in the early 
stages of the disease, when surgical attack could be most successful. Pares- 
thesia and indefinite sensory disturbances are the pitfalls that contributed 
to the fact that multiple sclerosis was the most common misdiagnosis. This 
occurred often in our series. The resemblance to disseminated demyeliniz- 
ing disease may be most striking: paresthesia, bizarre sensory disturbances, 
in-co-ordination, spastic ataxic gait, nystagmus, tremor and disturbance of 
sphincter function are common both to tumors at the foramen magnum and 
multiple sclerosis. 

Unilaterality of sensory or motor disturbances, absence or unilaterality 
of involvement of cranial nerves, absence of pallor of the optic nerve heads 
or sheathing of the retinal blood vessels, and age of the patient may serve 
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TABLE 3 


The most frequent symptoms and signs associated with 30 benign tumors 
of the foramen magnum 


Symptoms 
1. Posterior cervical or cervico-occipital pain. 
2. Muscle weakness, in upper extremities initially, then progressing to lower extremities. 
3. Unexplained paresthesia in upper extremities initially. 
4, Subjective sensory disturbances, often bizarre in pattern. 

Signs 

. Stiffness of the neck with aggravation of symptoms by certain positions of the neck. 

. Muscle weakness and signs referable to pyramidal tract. 

. Objective sensory loss, possibly without anatomic pattern. 


. In-co-ordination and disturbance of gait out of proportion to other neurologic disability. 
- Involvement of cranial nerves, especially the 11th. 


at times to suggest the correct diagnosis. The most important single symp- 
tom of tumor of the foramen magnum is cervico-occipital pain. This pain 
is frequently caused by encroachment of the tumor on the 2nd cervical 
nerve root. Aggravation of this pain by motion of the neck and straining 
and a protective tilt of the head can often be observed. We feel justified 
in emphasizing that any patient who complains of cervical or cervico- 
occipital pain or stiffness, and has in addition signs and symptoms that may 
be considered typical of demyelinizing disease deserves careful re-evaluation 
and further study before quadriplegia and respiratory failure are allowed to 
develop. 

Often despite much clinical zeal and scientific ardor, the correct answer, 
a benign anterior (basilar groove) tumor, can be obtained only if the diag- 
nostic regimen is all-encompassing and includes giving the patient every 
diagnostic opportunity to reveal a tumor. Such a regimen may even have 
to include direct surgical exploration before the possibility of tumor is dis- 
carded and the diagnosis of demyelinizing disease is accepted. In dealing 
with the diagnostic dilemmas presented by benign extramedullary neo- 
plasms affecting the upper cervical portion of the spinal cord and the 
medulla in the foramen magnum, clinical suspicion is hardly enough. It 
must be generously supplemented with a large dose of surgical diagnostic 
endeavor! 

SUMMARY 

Benign extramedullary tumors, arising at the level of the foramen mag- 
num, have been encountered in 30 cases at the Mayo Clinic between the 
years 1924 and 1956. The initial diagnosis of these tumors was often “de- 
generative disease” of the nervous system. The significant symptoms, neuro- 
logic signs and pertinent, contributory laboratory studies are considered in 
detail. Posterior cervical pain, cervico-occipital headache and nuchal stiff- 
ness were present frequently and were of diagnostic importance. The in- 
formation to be obtained from examination of the cerebrospinal fluid and 


| 
ia 
‘ 
a 
d 
a 
if 
| 3 


BENIGN TUMORS AT THE FORAMEN MAGNUM 617 


special surgical diagnostic tests is discussed. Roentgenologic changes in the 
skull and upper cervical vertebrae associated with these benign extramedul- 
lary neoplasms are few, but an important roentgenologic sign may be the en- 
largement of the foramen between the Ist and 2nd cervical vertebrae. 
Respiratory complications are frequent and a method of surgically treat- 
ing patients harboring these tumors is discussed. Despite considerable diag- 
nostic effort because of the often complex and bizarre symptoms and signs, 
the physician to establish the correct diagnosis must be possessed not only 
with a high index of tumor suspicion, but also fortified with considerable 
surgical diagnostic endeavor. The end results justify the unusual mental 
and physical effort required to handle these patients successfully and amply 
reward the patient and surgeon. 
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aneurysms, postoperative arteriography has been done as a routine 

procedure in patients having ligation of the carotid arteries in the neck 
and more recently in patients who have had a direct surgical attack on the 
aneurysm intracranially. The main purpose was to determine whether the 
artery was actually occluded and whether the aneurysmal sac was or was 
not visible. The means of establishment of collateral circulation is an inter- 
esting side-light which is being published in another paper. 

The procedure followed in progress arteriography is to inject the artery 
proximal to the site of ligation whenever this is possible. This is not possible 
when the common carotid artery is ligated, as this artery is most often 
thrombosed proximal to the site of ligation and actually distal to the liga- 
tion as far superiorly as its bifureation into the external and internal caro- 
tid arteries, and no pulsation of the common carotid artery is felt. If pul- 
sation of the common carotid artery is palpable the artery is likely not com- 
pletely ligated. In 2 cases of common carotid artery ligation the internal 
carotid artery was injected: in 1 case, by the percutaneous method and in 
1, by the open method. When the internal carotid artery has been ligated or 
the intracranial approach has been used, the common carotid artery is in- 
jected, and the status of the aneurysm and of the clamp may be determined 
in some cases with a single injection. In the case of internal carotid ligation, 
the carotid svyphon and the middle cerebral artery may be well shown by 
back-flow through the ophthalmic artery. If the artery at the site of the 
aneurysm is not shown, another arteriogram is done by injection of the op- 
posite carotid. If still the site of the aneurysm is not shown, a vertebral 
arteriogram is done. In some cases it was not possible to demonstrate the 
site of the aneurysm. 

Fifty-four progress arteriograms were performed in 51 cases at an aver- 
age time of 10} months postoperatively, the shortest period being 10 days 
and the longest being 7 years and 10 months. Actually, a greater number of 
progress arteriograms were done, but only the latest postoperative angio- 
grams were included in this study. 


I: ORDER to determine the results of surgical therapy for intracranial 
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resented at the meeting of the Harvey Cushing Society, Honolulu, Hawaii, April 16, 1956. 
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RESULTS OF SURGICAL TREATMENT OF ANEURYSMS 619 
TABLE 1 
Case material and therapy 
Therapy 
Location of Aneurysm Ligation Internal Ligation Common Direct Intracranial 
Carotid Carotid Approach 
Internal carotid 22 7 6 
Middle cerebral 6 1 
Anterior communicating | 1 6 
Anterior cerebral 1 
Posterior cerebral | 1 


Of these 51 patients, 35 had aneurysms on the internal carotid artery; 
6, on the middle cerebral, 1 of whom also had an internal carotid aneurysm 
on the same side; 7, on the anterior communicating; 1, on the anterior cere- 
bral; and 1, on the posterior cerebral (Table 1). There were 4 patients who 
had multiple aneurysms: in 1 case both aneurysms were on one side of the 
brain, and in 3 cases they were on both sides. The 3 patients in whom the 
aneurysms were located bilaterally had no therapy directed to the aneurysms 
on the second side. Thirty-three patients had had subarachnoid hemorrhage. 
Ligation of the internal carotid artery in the neck was performed in 30 cases. 
Eleven patients had common carotid ligation, 3 of whom previously had had 
unsuccessful ligation of the internal carotid, using a tantalum clip. Thirteen 
had intracranial surgical therapy for the aneurysm. Some of the patients had 
more than one surgical procedure when the first operation was found to be 
ineffective, and progress arteriography was done after each procedure. 

There were 43 progress arteriograms in which the artery was demon- 
strated at the site where the aneurysm arose. This, of course, was not 
possible in the 5 cases in which trapping was done by ligation of the internal 
carotid artery in the neck and intracranially, and in most of the cases in 
which ligation of the common carotid was performed. Of these 43 cases. the 
aneurysm was not seen on the angiogram in 24, although its site was well 
demonstrated; it was smaller in 9; unchanged in 8; and larger in 2. Further 
explanation, however, is necessary since included in the 43 cases are those 
in which the clamp or clip was found to be open and also those in which the 
clamp had to be released because of insufficient collateral circulation; in 
other words, those cases in which surgical therapy was incomplete. 

The most significant cases are those in which progress arteriography 
showed both the site of the aneurysm and the clip or clamp to be closed 
(Table 2). There were 10 such patients who had an aneurysm of the internal 
carotid artery and ligation of the internal carotid artery. In 8 of these 10, 
the aneurysm was no longer visualized and in 2 it was the same size. In 4 
such patients who had an aneurysm of the middle cerebral artery and who 
were shown to have complete ligation of the internal carotid artery, the 
aneurysm was not shown in 1 and was smaller in 3. 
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TABLE 2 


Cases in which progress arteriogram showed site of aneurysm and showed that the clamp 
or clip on internal carotid artery remained closed 


Location of Aneurysm Aneurysm Aneurysm Aneurysm 


Aneurysm not Shown Smaller Same Larger 
Internal carotid 8 2 
Middle cerebral 1 3 


TABLE 3 


Cases in which progress arteriogram showed site of aneurysm and showed that the 
clamp or clip on internal carotid artery was open 


Location of Aneurysm Aneurysm Aneurysm Aneurysm 

Aneurysm not Shown Smaller Same Larger 
Internal carotid 2 4 1 1 
Middle cerebral 1 


The progress arteriogram showed the aneurysmal site and showed the 
clamp or clip to be open on the internal carotid artery in 9 cases (Table 3). 
In 8 of these cases the aneurysm was on the internal carotid artery. It was 
not seen in 2 cases, it was smaller in 4, larger in 1, and the same size in 1 
case. There was 1 case in which the aneurysm was on the middle cerebral 
artery and in this case the aneurysm was the same size. 

There were 5 cases in which the aneurysmal site was shown and the 
clamp or clip on the internal carotid artery had been released because of 
insufficient collateral circulation (Table 4). In 4 of these cases, the aneurysm 
was on the internal carotid artery; in 2 of these, the aneurysm was not 
visualized and in the other 2 it was the same size. In 1 case the aneurysm 
was on the middle cerebral artery and the size of the aneurysm was un- 
changed. 

The aneurysmal site was shown in the progress arteriogram of 9 patients 
who had had common carotid artery ligation. In only 1 case could we dem- 
onstrate that the clip was closed. In this patient, the aneurysm on the in- 
ternal carotid artery was not seen. In 2 cases the clamp had to be released; 


TABLE 4 


Cases in which progress arteriogram showed site of aneurysm in patients whose clamp or 
clip on internal carotid had to be released because of insufficient collateral circulation 


Location of Aneurysm Aneurysm Aneurysm Aneurysm 


Aneurysm not Shown Smaller Same Larger 
Internal carotid Q 2 


Middle cerebral 1 
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in 1, the aneurysm, on the internal carotid artery, was found to be smaller, 
and in the other, the aneurysm, on the anterior communicating artery, was 
found to be the same. In 6 cases the status of the clamp could not be deter- 
mined; in 2 of these the aneurysm on the internal carotid artery was not 
seen. in 1 case the aneurysm on the internal carotid artery was smaller, in 
2 others, the aneurysm on the internal carotid artery was the same. In 1 
case of middle cerebral aneurysm the sac was the same size in the progress 
arteriogram. 

There were 18 arteriograms performed on patients who had had intra- 
cranial therapy for their aneurysms. Five of these had trapping by placing 
a clamp or clip on the internal carotid artery in the neck and intracranially, 
and the intracranial clip prevented the aneurysmal site from showing. Four 
had trapping intracranially by clips on the artery on either side of the site 
of origin of the aneurysm. In 3 of these, the aneurysm was not shown al- 
though the artery filled well up to the clip. In 1, the clips had become loos- 


Fic. 1. Arteriogram showing Diodrast passing through internal carotid artery at site of the tantalum 
clip on the artery, and revealing that the aneurysm is present on the internal carotid artery, although it 
is smaller than it was before ligation. 
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ened and dislodged, and the aneurysm was the same size it had been before 
therapy. Two patients had the lumen of the aneurysm packed with muscle 
and in neither was the aneurysm shown. In the 1 patient who had muscle 
packed around an anterior communicating aneurysm, the progress arterio- 
gram 33 months later showed the aneurysm to be the same size but differ- 
ent in shape. 

We have a control group of 16 patients who had intracranial aneurysms 
demonstrated arteriographically and who subsequently, without any sur- 
gical therapy, had a second arteriogram. The time between the first and the 
second arteriogram ranged between 2 weeks and 15 months. The average 
time was 3 months. In 13, the aneurysm was the same size and in 3, it was 
larger. 

Some of the interesting facts are the following: there were 8 patients who 
had a tantalum clip used for the ligation. In 6 of these, the clip was open 
(Fig. 1), in 1 the clip was closed on the common carotid artery, and in the 
other case, the internal carotid artery was clipped both in the neck and intra- 


Fic. 2. Pre-operative arteriogram showing aneurysm of internal carotid artery in a patient who later 
had the internal carotid artery ligated. Hemiplegia developed, from which the patient did not recover 
completely when the clamp was opened. 
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Fig. 3. Progress arteriogram (same case as in Fig. 2) shows incomplete thrombosis of middle cerebral 
artery; only two small thread-like arteries remain. There is a small defect in the internal carotid artery 
which represents the residual neck of the aneurysm. 


cranially. In 1 case the artery had recanalized around one side of the clip. 
In using the Selverstone clamp it is necessary to do a final firm tightening 
of the clamp before removal of the tools, otherwise the artery will not be oc- 
cluded. This was found to be true in 5 of our cases. In 1 such patient the 
progress arteriogram showed the clamp on the internal carotid artery to be 
open and the aneurysm was smaller. This patient had no complications 
when the clamp was thought to be closed, but the second time the clamp was 
closed evidence of insufficient collateral circulation developed 8 hours later. 
This suggests that the clamp was not closed completely on the first attempt. 
There were 2 patients who had a hemiplegia after arteriography, from 
which they did not completely recover upon prompt opening of the clamp. 
In both of these patients, thrombosis of the middle cerebral artery was 
found when the progress arteriograms were done (Figs. 2 and 3). In 1 pa- 
tient who had an aneurysm of the middle cerebral artery and was treated 
by ligation of the internal carotid artery, the progress arteriogram showed 
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that the Selverstone clamp was not completely occluding the artery and the 
aneurysm was the same size. The clamp was closed completely and another 
arteriogram 2 months later showed the internal carotid artery to be oc- 
cluded; the aneurysm was smaller. Another patient with an aneurysm of the 
middle cerebral artery, who had had ligation of the internal carotid artery, 
had a second hemorrhage and the arteriogram showed the clamp to be in- 
completely closed. These cases emphasize the importance of complete liga- 
tion. 

The arteriogram does not tell the whole story, especially in patients with 
large aneurysms, and the clinical signs and symptoms must be considered. 
In 1 patient having a large aneurysm of the internal carotid artery, the 
progress arteriogram showed no aneurysmal lumen. Shortly before the pro- 
gress arteriogram, the patient had a recurrence of frontoparietal headaches 
which continued intermittently over a period of 5 months, when they became 
more severe and more frequent. One month later, the patient had a massive 
subarachnoid hemorrhage and died within an hour. The rupture was found 
at the neck of the aneurysm, where a small lumen was also found. Over 
nine-tenths of the aneurysm was filled by organized thrombus and old clot. 


aa 


Fic. 4. Arteriogram showing a large aneurysm of internal carotid artery with 
upward displacement of middle cerebral artery. 
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Fic. 5. Progress arteriogram (same case as in Fig. 4) 7 years after ligation of internal carotid artery, 
which was shown to be incomplete, reveals no aneurysm of the internal carotid artery but the middle 
cerebral artery remains elevated. 


Another patient, who had a large aneurysm of the internal carotid artery 
(Fig. 4), was treated by ligation of the internal carotid artery with a tanta- 
lum clip. Seven years later he began to have a recurrence of headaches. A 
progress arteriogram was done which revealed that the clip was partly open, 
but the aneurysm did not fill (Fig. 5). In spite of this, it was believed that 
there was some activity in the aneurysm, and the common and external 
carotid arteries were ligated with immediate relief of the headaches. 


DISCUSSION 


It is important to state that there were no complications as a result of 
the progress arteriogram, except in 1 patient who had a temporary paresis 
of one upper extremity; and further, that the arteriogram shows the status 
at the time it is done, and shows what has been accomplished. A negative 
arteriogram does not mean that the patient will have no trouble from the 
aneurysm in the future. The number of cases reported is not sufficient to 
draw any statistical conclusions. However, certain inferences are suggested 
and many interesting facts were found. The results of direct intracranial 
attack on the aneurysm, as demonstrated arteriographically, were found 
to be better than any form of ligation of the carotid arteries in the neck, in 
this small series. However, in 1 case the clips had loosened from the anterior 
cerebral artery and the aneurysm was the same size. In four-fifths of the 
patients with aneurysm of the internal carotid artery who were shown to 
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have complete ligation of the internal carotid artery, the aneurysm no longer 
filled on arteriography, and in the other one-fifth, the aneurysms were un- 
changed. The results were less good, as far as non-visualization of the 
aneurysm is concerned, when the aneurysm was on the middle cerebral 
artery, but in all the cases of complete ligation of the internal carotid artery 
the aneurysm was not seen or was smaller. The results were also less good 
when the clamp on the internal carotid artery was found to be open or 
when it had to be released. There were 2 patients in the entire group of 
surgically treated cases in whom the aneurysm was larger, and in both of 
these the clamp or clips were found to be open. These facts emphasize the 
importance of complete ligation but it would be valuable to know why the 
aneurysm did not fill in some cases of temporary or incomplete ligation. 
One obvious explanation is that it required only a few hours in these patients 
for the aneurysmal sac to fill with clot. In 1 patient who was operated on in- 
tracranially, 5 days after carotid ligation in the neck, the sac was found 
to be four-fifths filled with clot. It is significant that in the 16 patients who 
had no surgical therapy, the progress arteriogram showed the aneurysm to 
be the same size or larger. In not one of these cases did the aneurysm fail to 
show. 
SUMMARY 

1. The text describes the results of surgical therapy in 51 patients hav- 

ing intracranial aneurysms as shown by 54 progress arteriograms. 

2. Progress arteriography is not a completely definitive method of eval- 

uation of results; the clinical symptoms and signs are important. 

3. The series is too small to draw conclusions on a statistical basis; but 

certain inferences can be made. 

(a) Arteriographically the results of direct surgical attack on the an- 
eurysm are better than those of any form of carotid ligation. 

(b) Arteriographically the results of complete and permanent ligation 
of internal or common carotid are better than partial or temporary 
ligation and, of the two, ligation of internal carotid is superior. 

(c) Ligation of the carotid arteries in the neck, using a tantalum clip, is 
likely not to be a complete and permanent ligation. 

(d) In 16 patients who had demonstrated aneurysms and had no surgical 
therapy, the progress arteriograms showed the aneurysm in all 
cases; in 13 it was the same size, in 3 it was larger. 

The authors wish to express their appreciation to the members of the neuro- 

surgical staff, J. Lawrence Pool, Director, and the neurological staff, H. Houston 
Merritt, Director, who have kindly permitted the inclusion of their cases. 
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media was introduced by Moniz, investigators have searched for a 

substance that would afford good contrast with a minimum of compli- 
cations. The sarcogenic and histopathologic effects* of thorium dioxide 
(Thorotrast) have restricted its use in angiography, although it is still used 
to a limited degree because it affords good contrast with practically no 
irritating effect on the injected vessels. 

After the introduction of iodopyracet (Diodrast) in 1939,° it was used ex- 
tensively in the performance of cerebral angiography. Complications have 
been reported extensively, both clinically and experimentally. Alterations 
of the blood-brain barrier caused by the toxic action of this substance have 
been attributed to the concentration and volume used. Recent writers 
have emphasized the need for limiting the amounts and rapidity of the con- 
trast injection.":4:'5 These principles also have been applied by those advo- 
cates of Triurol (Urokon)* as a contrast agent. Sutherland and associates’ 
recommended the use of a 25 per cent solution of Diodrast, stating that 
complications resulting therefrom were definitely fewer than those that 
follow the commonly used strength of 35 per cent. With a solution of 25 
per cent they found no difficulty in visualizing the finer branches of the 
carotid or basilar tree, admitting, however, that the contrast attained was 
less striking than that achieved with 35 per cent strength. We have used 
this weaker solution of Diodrast but have been disappointed in the degree 
of contrast obtained with it. Hence, we have ceased to use it, assuming a 
possibly greater risk of complication in favor of better diagnostic visualiza- 
tion. 

Recently, we have used a new contrast medium, sodium diacetrizoate, 
or Hypaque Sodium (sodium 3,5-diacetamido-2,4,6-tri-iodobenzoate), in a 
solution of 50 per cent, with which we have achieved excellent contrast and 
distinctness of individual vessels with the use of injections of only 3 to 5 


Sn a method of visualization of the cerebral vasculature by contrast 


* Kindly supplied by the Department of Medical Research of the Winthrop Laboratories, Inc., 
Evanston, Illinois. 


+ The Mayo Foundation, Rochester, Minnesota, is a part of the Graduate School of the U niversity of 
Minnesota. 
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Fic. 1. Carotid angiogram in lateral projection made with 3 cc. of a 50 
per cent solution of Hypaque Sodium, 


ee. (Fig. 1). This synthetic compound contains 59.87 per cent iodine, with a 
pH range between 7.0 and 7.5. Thus far we have made 50 angiograms with 
the aid of this new substance, without serious complications. The ages of 
the patients ranged from 6 through 68 vears. The diagnostic problems have 
included a variety of disorders, from brain tumor to occlusion of a major 


Fic. 2. Massive petechial hemorrhages over the side of the face and bulbar conjunctivae after 
the injection of a 50 per cent solution of Hypaque Sodium. 
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Fic. 3. (a) Angiogram made with a 35 per cent solution of Diodrast. The left internal carotid artery 
in the region of the sella turcica is distorted by a parasellar mass. The contrast obtained in this angiogram 
is considered to be typical of the experience of the authors with a 35 per cent solution of Diodrast. (6) 
Carotid angiogram, showing slight displacement of anterior cerebral artery to the right with elevation of 
carotid bifurcation. Excellent contrast was obtained with 3 cc. of a 50 per cent solution of Hypaque 
Sodium. 


branch of the middle cerebral artery. Percutaneous vertebral angiography 
has been done in one instance, with good visualization of the basilar system. 
The only complication of the technic to date has been the development of 
extensive petechial hemorrhages over the face and orbital conjunctivae in a 
36-year-old man with a definite history of allergic diathesis, but in whom 
no untoward reaction occurred during testing with 2 ec. of Hypaque Sodium 
administered intravenously 12 hours prior to angiography (Fig. 2). We have 
seen this degree of petechial formation very rarely as a complication of 
cerebral angiography carried out with a 35 per cent solution of Diodrast." 


Fic. 4. (a) Excellent contrast in a film which demonstrates a small infraclinoid aneurysm on the 
right internal carotid artery. Filling of the right ophthalmic artery also is seen. A single injection of 3 cc. 
of a 50 per cent solution of Hypaque Sodium was used. (b) Excellent visualization of a berry aneurysm 
on the left internal carotid artery in the region of the posterior (superior) communicating artery. The 
contrast medium was 4 cc. of Hypaque Sodium. 
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Fic. 5. (a) The left middle cerebral artery is elevated and curves over a mass in the left temporo- 
parietal region. The contrast medium was 3 cc. of Hypaque Sodium. (6) In the half-axial anteroposterior 
view, there is little if any displacement of the anterior cerebral artery. Visualization obtained with 5 ce. 
of Hypaque Sodium. 


The contrast obtained has been excellent. Filling of the smaller arterial 
radicals has been striking to even the most casual observer. The apparent 
increase in contrast density and distinctness of filling in individual vessels 
has resulted in more accurate diagnosis in the studies thus far performed 
(Figs. 3-6). 

TECHNIC 

The method of carotid angiography used at the Mayo Clinic has been described 
elsewhere.'® The only modifications in technic have been necessitated by the smaller 
amount of contrast medium used in angiography with Hypaque Sodium. For lateral 


Fig. 6. (a) A small mass lesion in the right superior midtemporal region producing some stretching 
and elevation of the terminal branches of the middle cerebral artery on that side. The contrast medium 
was 4 cc. of Hypaque Sodium. (b) Anteroposterior view, showing excellent cross-filling in this case ob- 
tained with 5 cc. of Hypaque Sodium. There is a slight shift of the anterior cerebral artery across the 
midline to the left. 
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projections in the average patient, exposures are made at 150 mA., 100-110 PKV, 
with a tube distance of 30 inches and an exposure time of 1/30 second. With the 
Strifert angiographic machine, five lateral projections are made. The first three are 
taken immediately after completion of injection of the medium and are exposed at 
half-second intervals. The fourth and fifth exposures are done at 4- and 6-second 
intervals after the original exposure. In the half-axial anteroposterior projection 
roentgenographic factors are the same as for the lateral views, except that an ex- 
posure time of 1/20 second is used. Two exposures are made, the first being carried 
out after the injection of Hypaque Sodium has been completed, and the second, 
1 second later. 


COMMENT 


Since there has been no change from older technics in our manner of 
performing angiography with Hypaque Sodium we feel that our assumption 
of a definite increase in contrast from the use of this new substance is valid. 
Smolik and Nash" have demonstrated the greater intensity of contrast ob- 
tained with a 50 per cent solution of Hypaque Sodium by an ingenious radio- 
graphic comparison of it with a 35 per cent solution of Diodrast and a 35 
per cent solution of Urokon. Certainly, the observation of increased distinct- 
ness of individual vessels must, of necessity, be purely subjective. 

Of interest is the fact that we have found that very good venograms can 
be obtained in the 4- or 6-second lateral exposure. The smaller amount of 
contrast medium used at the original injection of Hypaque Sodium does 
not seem to impair venous visualization. Whereas, we found it necessary to 
use at least 10 cc. of a 35 per cent solution of Diodrast to secure good visuali- 
zation in the lateral projections, we have been able to secure remarkable 
contrast and more extensive visualization of the vascular bed by the use 
of only 3 to 4 ce. of Hypaque Sodium. In the anteroposterior projection we 
have obtained excellent contrast from the use of only 4 ec. of Hypaque 
Sodium, and for anteroposterior cross-filling we have used not more than 
5 ec., as a rule. When we used a 35 per cent solution of Diodrast in these 
projections, we had to employ at least 12 to 14 cc. of the medium to ap- 
proach the contrast obtained with Hypaque Sodium. 

It is apparent, then, that complete arteriographic examination can be 
performed with as little as 16 to 20 ce. of Hypaque Sodium, as compared 
to 50 to 60 ce. of a 25 per cent or 35 per cent solution of Diodrast. Smolik 
and Nash™® have used much larger amounts of Hypaque Sodium for single 
injections (12 ce.) and in total volume per study (average, 44 ec.). Un- 
doubtedly, the contrast and filling under such circumstances would be 
even better, based on our results with much smaller volumes. 

Another interesting observation is the fact that excellent visualization 
occurs even when both the external and internal carotid systems partici- 
pate in the uptake of contrast medium. It has been our experience that 
when a 35 per cent solution of Diodrast is used, the degree of intracranial 
contrast is greatly reduced unless the puncture needle is deliberately placed 
in the internal carotid artery or can be so placed within the common carot- 
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id artery that it either enters the internal carotid artery or the stream of 
the opaque medium is directed into it. When Diodrast is used under these 
circumstances the density of contrast will be markedly lessened unless the 
volume is increased or the needle is repositioned. We have been much im- 
pressed with the degree of contrast and definitiveness of vessels obtained 
with only 3 to 4 ce. of Hypaque Sodium in this particular type of visualiza- 
tion. 

We have had the opportunity to use this new contrast medium for only 
5 patients with the aid of local anesthesia alone. All the rest were under the 
influence of general anesthesia with Pentothal Sodium. It is our impression 
that when Hypaque Sodium is used, the discomfort to the patient is less 
than it is when Diodrast is employed. When Hypaque Sodium was injected 
unilaterally into the internal carotid artery there has been virtually no dis- 
comfort behind the homolateral eve. We have seen only one instance of 
pain in the face after the use of this medium. In this case, after the x-ray 
films had been developed, it was seen that both the external and internal 
carotid arteries had filled. Although there is evidence that the injection of 
Hypaque Sodium causes discomfort, the lessened intensity of this disecom- 
fort may be in some way related to the decreased volume of the medium 
injected, as suggested by Odén’ in his observations on the contrast medium, 
Triurol. 

Moore and Mayer’ reported on the use of Hypaque Sodium for excretory 
urography in 210 cases. They commented on the excellent contrast and diag- 
nostic value of this medium. They encountered no major complications 
from its use. Minor complications of nausea, vomiting, excessive salivation, 
flushing, dizziness, urticaria and muscle twitching occurred in 13.3 per cent 
of their cases. They routinely injected intravenously 33 ce. of a 50 per cent 
solution of Hypaque Sodium for urographiec studies. Smolik and Nash" ob- 
served no complications in the making of 39 cerebral angiograms in which 
the average dose per case was 44 ec. Schultz’? and Watson!’ have reported 
advantages from the use of Hypaque Sodium in angiography. 

According to Moore and Mayer,’ Hypaque Sodium is closely related 
chemically to Urokon Sodium, although it would appear that the toxicity of 
the former is 25 to 40 per cent less than that of Urokon. Experimental ob- 
servations on alteration of the blood-brain barrier when Hypaque Sodium 
was injected into the rabbit, as opposed to the situation when Diodrast and 
Urokon were used, indicate very little evidence of extravasation of trypan 
blue after the use of 50 per cent concentrations of Hypaque Sodium.® The 
most prominent effect observed experimentally was respiratory embarrass- 
ment, which ranged from transient apnea to respiratory arrest.’® This effect 
also has been observed experimentally in the dog.'’ In concentrations of 50 
per cent, iodopyracet (Diodrast) was found to produce marked extravasa- 
tion of trypan blue. with less alteration when concentrations of 25 and 35 
per cent were used. This is in keeping with previous observations.!~?” 
However, iodopyracet (Diodrast) was found to produce little disturbance in 
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respiration. Urokon (sodium acetrizoate) was found to produce severe extra- 
vasation of the indicator dye, especially in a concentration of 50 per cent. 

In studies on the toxicity of these various compounds in local tissues, 
Hypaque Sodium was found to be least irritating of all. As to the depressant 
effects of Hypaque Sodium on respiration in the experimental animal, in- 
vestigators point out that the volume of contrast medium employed in the 
rabbit is roughly 375 times as great as that used for a single injection in 
man. They suggest that the increased volume may possibly account for the 
respiratory effects observed. We have not been aware of any respiratory 
complications evident clinically in the patients for whom this medium has 
been used thus far. 

Unlike other contrast media, Hypaque Sodium is a highly water-soluble 
chemical compound. This physical quality may in itself be of some value in 
lessening the possibility of complication and affording a more even distri- 
bution of opaque substance within the vessels filled. Undoubtedly, its 
ability to obtain excellent contrast and definition in very small quantities 
will be of some advantage, and may compensate for its somewhat greater 
content of iodine per unit volume and its recognized hyperosmotic effect.® 


SUMMARY 

This is a preliminary report of our experience with a new contrast 
substance, Hypaque Sodium. This medium appears to be suitable for cere- 
bral angiography, and we have routinely obtained excellent visualization of 
the intracranial vessels by the use of only 3 to 5 ce. of this substance in single 
injections. To date we have not encountered any serious complications other 
than rather extensive homolateral petechial hemorrhages involving the face, 
neck and conjunctivae on the side of the injection. These petechiae appeared 
within 4-6 hours in 2 patients but disappeared in approximately 3 days’ 
time. In no case was there development of a hemiplegia or hemiparesis fol- 
lowing angiography with Hypaque, though 1 patient did have some para- 
phasia following angiography. However, it could not be determined defi- 
nitely whether this paraphasia was present to a mild degree before angi- 
ography or not. The paraphasia, however, cleared completely after the 
brain tumor had been removed. 
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rarely succeeds, when the diameter is larger than 2 mm. This limi- 

tation in caliber is determined largely by the ability of extracellular 
fluid to diffuse into the graft and act as a nutrient. Matson, Alexander and 
Weiss? obtained axon regeneration across a 6 to 14 mm. gap in the tibial di- 
vision of the sciatic nerve in Macacus rhesus monkeys by interposing align- 
ing filaments. Multiple threads of nylon or tantalum were suspended in 
clotted blood and encased in an autogenous vein graft. In spite of good re- 
generation, axons failed to reach normal diameters, primarily because of 
scarring at the point of exit of the filament from the proximal nerve. 

Recently Algire et al.'* have reported use of monomolecular cellulose 
filters in animals to investigate the response of the homograft. The in vivo 
properties of this material warranted the investigation of its potential in 
peripheral nerve regeneration. H. A. Millipore is relatively inert in tissues. 
It permits free diffusion of extracellular fluid, but restricts the transmigra- 
tion of cells by virtue of its 0.4 u size of pore. It has one disadvantage in 
that it is exceedingly brittle unless reinforced. 

Millipore} tubes measuring 6 em. long by 3 to 4 mm. in diameter were 
fabricated. Reinforced filter material was rolled into cylindrical forms and 
the edges were bonded with either Gelva or Glyptal. The tibial division of 
the sciatic nerve of the feline was isolated and severed. In one series of cats, 
the proximal and distal nerve ends were introduced into snugly fitting tubes 
of Millipore for a distance of 1 em. A gap of 2.5 em. in the nerve was main- 
tained by suturing proximal and distal segments to the muscle bed. In a 
second group of animals, the nerve stumps were capped with closely fitted, 
blind socks of Millipore. Operative areas were excised for gross and histo- 


Rotter see of severed axons across an autogenous nerve graft 


* Supported by grants from the Department of the Army, Office of the Surgeon General (Contract 
No. DA-49-007-MD-545), Playtex Park Research Institute, and United Cerebral Palsy Associations, 
Inc. (James B. Campbell, Responsible Investigator). 

+ This material was generously supplied by Mr. John Bush of the Millipore Filter Corporation, 
Watertown 72, Massachusetts. 
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Fic. 1. (A) Distal segment of nerve, 10 weeks postoperative. Note recanalization of old Schwann 
tubules by regenerating axon. (B) Proximal nerve stump, 3 weeks postoperative. Note parallel alignment 
of axons, absence of scarring, and minimal tissue reaction to Millipore membrane. (Bodian stain) 
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logical examination 3 to 4 weeks postoperatively. However, in one animal 
with a gap, the Millipore tube was removed at 4 weeks and the nerve, with 
its bridging tissue, was returned to the muscle bed for an additional 6 weeks. 

There was histological evidence of axon regeneration and envelopment 
by Schwann tubules at 23 days, and physiological evidence of regeneration 
at 23 months. Early myelin formation was apparent, and diameters of the 
axons in the proximal portion of the distal stump approached 1.8 » (Fig. 
1A). Rupture of the membrane before the gap was bridged resulted in 
classical neuroma formation by the intermingling of undifferentiated 
mesenchymal cells with regenerating neural tissue. If the filter was removed 
after bridging by differentiated neural elements had occurred, maturation 
continued without invasion of fibroblasts. Covering of proximal and distal 
stumps with blind Millipore socks prevented neuroma formation. Within 
the socks, orderly proliferation proceeded until the unobliterated space was 
filled by neural elements (Fig. 1B). 

The method permits an initial burst of migration and proliferation of 
the neural elements in the proximal nerve stump. Cells are provided with a 
peripheral scaffolding of Millipore through which there is free diffusion of 
extracellular fluid for nutrition. Alignment filaments and clot have proven 
unnecessary so far, thus largely eliminating scarring of the Schwannoma 
type. The data justify preparation for clinical employment of the technic. 
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Since Baine in 1897 first described extradural hemorrhage of the spinal canal, a 
total of 14 cases have been found in a review of the English literature. These cases 
have been well documented, individually, by Sadka.? 

A positive etiology remains obscure, although in 10 of the 15 known cases, trauma 
seems to have played a role. The most logical explanation, and this is supported by 


Fic. 1. Myelogram showing — the 
complete block at the Ist thoracic inter- 
space. 


the present case, is that an epidural venous ab- 
normality or hemangioma is present which may 
rupture either spontaneously or traumatically. 
It is felt that the diagnosis and treatment of 
these lesions may be difficult unless the pro- 
gressive nature of the lesion is determined. It is 
obvious that the earlier surgery is instituted, 
the better the chance for recovery. 
Guthkelch,! in reporting his 8 cases of ex- 
tradural hemangiomas, had 1 patient with a 
remitting paraplegia. In the case presented be- 
low, there was also a remitting paraplegia. 


REPORT OF CASE 


A 15-year-old white male was referred by Dr. 
Wallace McNair of Aiken, S.C. on Feb. 1, 1956. His 
past history was significant only in that he had been 
having intermittent attacks of pain in the chest bi- 
laterally for the past 7 months. This pain was not too 
bothersome, and he did not have to seek medical help. 
On Dec. 27, 1955, he was struck on the back of his 
head by the handle of a fertilizer spreader. This blow 
was sufficient to knock him down, but he did not have 
any sequelae from the accident itself. However, he 
noticed that the pains in his chest were more severe 
after the blow on the head. When the pain came it 
lasted approximately 5 hours and then would disap- 
pear. On the morning of admission to the hospital, 
he awoke with severe pain in his chest and marked 
weakness in his legs. He sought medical attention for 
this and was quickly referred to the University Hos- 
pital in Augusta, Georgia. 


On arrival at the University Hospital, the patient stated that the weakness in his legs had 
passed away and that the pain in the chest was much improved. 


* Medical Arts Building, Augusta, Georgia. 
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Examination. A mild symmetrical weakness in both legs was noted. The Babinski sign 
was positive bilaterally. There were no sensory changes and there were no posterior column 
signs. A complete blood count and urinalysis were normal. Temperature, pulse rate, and 
respiration were normal. Roentgenograms of the cervical and thoracic spine were normal. 
A lumbar puncture was performed which showed a spinal fluid pressure of 150 mm. of water. 
The fluid was clear and colorless. The Queckenstedt test was mildly suggestive of a block. 
The spinal fluid contained 3 white cells, a trace of Pandy, and a total protein of 28 mg. per 
cent. 

Course. For the next 3 days, the patient showed gradual improvement, but continued 
to have a positive Babinski sign bilaterally. 

At 4:00 P.M. on Feb. 3, 1956, severe pain in the chest again developed in the same distri- 
bution as he had been having for the past 7 months. This was accompanied by a rapid onset 
of paraplegia. There was a sensory level at T4. All modalities of spinal cord function were 
absent below this level. 

Lumbar puncture revealed a pressure of 160 mm. of water. The Queckenstedt test showed 
a complete block. The spinal fluid contained 9 white cells, with a negative Pandy and a total 
protein of 40 mg. per cent. A myelogram revealed a complete block at the level of the Ist 
thoracic interspace (Fig. 1). The patient was taken immediately to the operating room. 

Operation. A laminectomy was performed, starting at T1 and continuing up to C6 (Fig. 2). 
As the lamina was removed from T1, a dark bluish semisolid clot extruded under pressure. 
This hematoma was found to extend up to C6. While removing the hematoma, large tortuous 
veins were noted which bled freely. The mass was removed and hemostasis was secured. The 
dura mater was then opened and the spinal cord was visualized. The spinal cord was seen to 
be indented the length of the hematoma. This appeared to be of long standing. Complete 


Fic. 2. Operative sketch showing the extradural hematoma and the compression of the cord beneath it. 
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Fic. 3. Photomicrograph of hemorrhage enmeshed in fat (hematoxylin and eosin, 120). 


inspection of the spinal cord and spinal canal failed to reveal any other evidence of disease. 

Pathologic Examination. The hematoma grossly consisted of blood enmeshed in extra- 
dural fat. The majority of the specimen was hematoma, but there was definitely a tangled 
mass of veins entering the clot. Microscopic preparation showed an organizing hematoma con- 
tained within fatty tissue, and a scattering of veins which were normal in appearance (Fig. 3). 

Course. The patient made a rapid and uneventful postoperative recovery with complete 
return of spinal cord function. He was dismissed from the hospital ambulatory on the 9th 
postoperative day. Complete laboratory studies for any disturbance in bleeding and clotting 
mechanisms disclosed no abnormalities. 


SUMMARY 


It is felt that extradural hematoma should be considered in the differential diag- 
nosis in any case of acute cord compression with absence of inflammatory signs or 
symptoms, particularly if there is a history of an injury. 
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With the development of modern neurosurgery, the surgical treatment of cystic 
hemangioblastoma of the cerebellum can almost always be permanently curative. 
There are several reports of recurrent growth, however, with the longest recorded 
interval between the original operation and subsequent recurrence being 7 years.* 
According to Silver and Hennigar* such recurrences occur “because independent 
isolated foci manifested themselves at a later date, or because of continued growth 
of incompletely removed tumor tissue.”” The case presented here represents almost 
certainly a true recurrence of tumor 22 years after its original removal—a highly 
unusual situation. 


REPORT OF CASE 


A 42-year-old white man was first admitted to the New England Baptist Hospital on July 
13, 1933, complaining of headache, vomiting and dizziness. These symptoms had been present 
for 19 weeks together with unsteadiness in walking. His past history was noncontributory. 

Examination. Physical findings were normal, with normal urine and normal complete 
blood determinations.* Neurologically he showed fine nystagmoid movements to the right 
and left. The fundi showed early bilateral papilledema. There was some tendency to fall back- 
ward and to the right in the Romberg position. 

On July 15, 1933, because of severe nausea and vomiting and extreme vertigo, the right 
ventricle was tapped. The fluid was found to be under high pressure and increased in amount, 
that is, there was a definite hydrocephalus. This drainage afforded considerable relief. 

1st Operation. Three days later, on July 18, 1933, a bilateral cerebellar exploration was 
carried out by means of a “crossbow” incision. The operation was performed under procaine 
anesthesia, with the patient in the prone position. There was marked herniation of the 
cerebellar tonsils through the foramen magnum, and upon opening the dura mater over both 
cerebellar hemisp‘ieres it was apparent that the right hemisphere was larger than the left 
and that its convolutions were wider. The right hemisphere was likewise fluctuant to palpa- 
tion. An incision was made horizontally through the widened convolutions, and 35 to 40 ce. 
of pale yellow fluid were evacuated from the underlying cyst. A bright red nodule of tumor 
was disclosed on the anterior superior wall of the cyst, lying laterally under the bony margin 
(Fig. 1). This nodule was excised completely, so far as could be determined grossly. 

Course. Convalescence was normal for 6 days but then the temperature rose suddenly 
ts 102.4°F. The median incision was reopened and an abundance of slightly yellowish fluid 
was evacuated at the cisterna magna. The wound was left open with gutta-percha tissue down 
to the bottom. Culture of the fluid showed hemolytic streptococcus. Convalescence was some- 
what prolonged, but in the end was quite satisfactory and he was discharged on Aug. 20, 
1933, with his wound well healed (Fig. 2). At that time he was up and about the ward, walking 
fairly well. 

Pathological Report. The tumor was composed of capillary blood vessels in a matrix of 
connective tissue. Throughout the matrix there were varying numbers of endothelial-like 


* This is important, in view of subsequent blood examinations. 
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Fig. 1. Operative sketch of appearance of cyst and mural nodule at the 
time of the first operation. (Compare with Fig. 5.) 


cells, some of which were rounded and resembled macrophages. These are sometimes called 
pseudoxanthomatous cells. In some areas cystic spaces had formed and occasional large ves- 


sels were seen (Figs. 3 and 4). 


Interval History. After returning home, the patient made excellent progress and resumed 
his usual work on Feb. 5, 1934, 5 months after discharge. He continued in this way until he 


was normally retired at the age of 60. 


In June 1955 he began to have increasing unsteadiness in walking, headache and soreness 
in the left suboccipital region. Because of the progression of the symptoms, the patient was 
admitted to the New England Baptist Hospital on July 6, 1955. A few months before 


Fig. 2. The patient’s wound at the 
time of his discharge from the hospital 
after his first operation. Note secondary 
closure of the median “crossbow” incision 
after it had been reopened for drainage. 


admission a diagnosis of polycythemia vera had been 
made. This condition was treated by Dr. John W. 
Norcross of our medical department. On hematologic 
study the hemoglobin was found to be 25.5 gm., the 
red blood cells numbered 8,850,000, and the white 
blood cells 9,950, with a differential of 79 poly- 
morphonuclear leukocytes, 14 lymphocytes, 1.5 
eosinophils, 1.5 basophils, 0.5 young lymphocytes, 
and 1 atypical lymphocyte. The hematocrit was 70 
and the reticulocyte count was 3.9 per cent with a 
platelet count of little over 1 million. The heart was 
enlarged roentgenologically with a cardiothoracic 
ratio of 16.4 to 32.3 em. Because of the danger of a 
surgical procedure with the blood count as high as 
this, venesection was done on five occasions and his 
blood was brought to normal figures of 14.8 gm. of 
hemoglobin and 51 hematocrit before surgical 
therapy. 

2nd Operation. On July 15, 1955, the curved por- 
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Fic. 3. Low power magnification (130) of the tumor removed at first operation, to show general 
architecture with capillaries and cystic areas. 


Fic. 4. High power magnification (300) of original tumor. Note capillary 
blood vessels and typical xanthomatous cells. 
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tion of the old “crossbow” incision was reopened, with the patient in the sitting position 
under endotracheal ether anesthesia. Upon exposing the cerebellum, the left hemisphere ap- 
peared normal, but on the right side a considerable portion of the hemisphere was replaced 
by a large cyst, from which 30 ce. of canary-colored fluid were aspirated. Upon inspection of 
the smooth-walled cavity, a rather firm red nodule of tumor was seen in the exact situation 
from which the original mural tumor had been excised on the anterior, superior and lateral 
wall (Fig. 5). This tumor nodule was about 2X2 cm. in two diameters and was completely 
excised by means of electrocoagulation combined with suction. It impinged on the tentorium 
and there were large venous attachments from the lateral sinus. There were no particular 
difficulties, as might have been expected from the polycythemia. 

Course. He made an uneventful recovery and was discharged on July 22, 1955, 7 days after 
the operation. At this time his red blood cell count was 4,710,000, his white blood cell count 
was 7,400, his hemoglobin was 14.9 gm., and his platelets numbered 655,000. 

Pathological Report. Microscopic preparations of the tumor removed at this second opera- 
tion showed essentially the same general architecture and features as those of the original 
tumor. 

Subsequent Course. The patient was seen for a check-up examination on Aug. 4, 1955, 
and was making a normal convalescence. The polycythemia was checked intermittently after 
discharge and because his platelet count remained well above normal at about 650,000, on 
Sept. 16, 1955 he was given 5 millicuries of irradiated phosphorus by mouth in an attempt to 
reduce the count. His hemoglobin at that time was 15.4 gm., red blood cell count 5,800,000, 


Fie. 5. Operative sketch of recurrent cyst and mural nodule in same situation as originally. 
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and hematocrit 47 per cent. His white blood cell count was 7,400 with a normal differential. 
The platelet count was reduced to 470,000. Subsequent blood studies on Dec. 16, 1955, were 
satisfactory. 


COMMENT 


Our chief interest in reporting this case is the long interval that elapsed between 
the time of the original operation and the recurrence of the cystic tumor, namely 22 
years. That this second tumor represented a true recurrence is hardly open to ques- 
tion since the mural nodule was in exactly the same area as the original tumor. 
Furthermore, its microscopic appearance was similar to that of the original tumor. 
It must therefore be presumed that some tumor cells had been left at the time of 
the first operation. 

A second point of interest lies in the associated polycythemia which had de- 
veloped since this patient’s first operation. The incidence of polycythemia in pa- 
tients with recurrence was reported as 36.4 per cent by Carpenter et al.! Cramer and 
Kimsey,? however, found polycythemia in only 18 per cent of cases of recurrent 
tumor that they studied. They believe that this association may result directly 
from “hematopoietic functions of the hemangioblastomas or may represent a dias- 
thesis toward extramedullary erythropoiesis in the spleen and liver.”’ On the other 
hand, Carpenter and associates! stated that there is a neurogenic cause, the tumor 
stimulating “hematopoietic mechanisms in the diencephalon.” 

In addition to the features just mentioned, a brief word might be in order re- 
garding the changing methods of neurosurgical procedures since the original opera- 
tion on this patient in 1933. At that time the prone position and procaine anesthesia 
were utilized, whereas in 1955, the patient was operated upon in the sitting position 
and the anesthetic agent was ether given by the intratracheal method. Furthermore, 
in 1933 the Cushing ‘“‘crossbow” incisions were used, but at the second procedure 
only the curved portion of these incisions was made use of since it has been recog- 
nized for many years that the median incision is unnecessary for adequate exposure, 
and much time and effort are saved by making only the “horseshoe” type of ap- 
proach to the cerebellar region. 

Although electrosurgical methods had been in use some 5 or 6 yeers before 1933, 
and this apparatus was used during the patient’s original operation, nevertheless, 
techniques of electrosurgery have developed since that time, particularly the com- 
bined metal suction tube to which the electric current is attached. This instrument 
undoubtedly permits more rapid excision of a tumor such as the one in question, and 
perhaps by combining suction with coagulation there is less doubt as to the com- 
pleteness of tumor removal. It may be noted also that in 1933 a piece of muscle was 
used to control venous bleeding from one of the vessels between the tumor and 
lateral sinus, whereas now either gelfoam or electrocoagulation would serve this 
purpose. 


SUMMARY 


In this case report, attention is called to the fact that a cystic hemangioblastoma 
of the cerebellum recurred 22 years after the original operation, at which time the 
mural nodule of solid tumor was apparently completely excised. At the time of 
the second operation, severe polycythemia vera had developed, a condition that 
has been noted in about one-fifth to one-third of the patients having recurrent 
tumors of this pathological type. 
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Certain interesting features concerning the developments in neurosurgery dur- 
ing the past 22 years are mentioned briefly. 


The authors are most grateful to Dr. Samuel P. Hicks for his interpretation of the patho- 
logical material which was processed by the Department of Pathology of the New England 
Deaconess Hospital. 
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Trigeminal neuralgia has been reported as occurring very rarely in children. 
Grant,’ however, has successfully treated by resection a 7-year-old boy, and our 
patient, now 32 years old, has a history of having typical trigeminal neuralgia that 
dates back to her twelfth year. 


REPORT OF CASE 


F.S.W., a 30-year-old woman, was admitted to the neurosurgical service of the Lakewood 
City Hospital in May 1953, with a history of right trigeminal neuralgia that had developed 
at the age of 12 and continued until 1951, at which time the symptomatology changed to a 
burning, searing discomfort in the same area, which remained as long as 5 minutes per par- 
oxysm. That year, through a subtemporal craniectomy, rhizotomy of the right 5th sensory 
root was performed elsewhere. She continued to have ghost pains involving the entire side of 
the face, and headaches, which had always been present intermittently, became more fre- 
quent and severe. 

Operation. Because of persistent facial discomfort, development of deafness in the right 
ear, ataxia and atonia of the right arm and leg, and nystagmus, a right suboccipital craniec- 
tomy was performed by one of us (W.M.H.), revealing a collection of large, tortuous, aber- 
rant arterial vessels. These extended beneath the cerebellar hemisphere on the right side ad- 
jacent to the medulla and into the cerebellopontine angle. No attempt was made to resect the 
lesion because of its nature and location. 

Course. The patient’s symptomatology was not appreciably altered by operation; she was 
discharged from the hospital essentially unchanged and was lost to follow-up. 

She was subsequently admitted to Cleveland Clinic Hospital on Jan. 21, 1955, 10 days 
after the acute onset of a sudden, loud noise in the head, “jumping and pulling” of the muscles 
of the neck, staggering gait, vomiting, headache, and stiff neck. 

Examination. The patient was extremely apprehensive, and lumbar puncture at the time 
revealed xanthochromie cerebrospinal fluid. The blood pressure was 110 systolic and 70 dias- 
tolic; pulse rate and temperature were normal. The pupils were constricted and reacted only 
slightly to light. There was a fine nystagmus on lateral and vertical gaze. Funduscopic ex- 
amination revealed early bilateral papilledema. There was no evidence of a vascular mal- 
formation in the retinal structures. Hearing was reduced in the right ear, and the Weber 
test indicated nerve deafness. Analgesia in the distribution of the right 5th nerve was com- 
plete, with paralysis of the muscles of mastication. The remaining cranial nerves were normal. 
The deep tendon reflexes of the right arm were notably diminished, but the patellar and 
Achilles reflexes were active and equal bilaterally. Unsteadiness in the Romberg position was 
pronounced and the gait was wide-based. The finger-to-nose and heel-to-knee tests were poorly 
performed on the right side. The Babinski sign was negative. 


* Former Fellow in the Department of Neurosurgery. Assistant Resident, Department of Neuro- 
surgery, University Hospitals, lowa City, Iowa. 
+ 15644 Madison Avenue, Cleveland, Ohio. 
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Fig. 1. Right lateral vertebral arteriogram of arteriovenous malformation producing trigeminal neuralgia. 


Significant laboratory findings were xanthochromic cerebrospinal fluid at 220 mm. of 
cerebrospinal fluid pressure, containing 47 mg. per 100 ml. of protein and 8 cells. A right 
vertebral arteriogram revealed a large arteriovenous malformation in the right posterior 
fossa extending from the site of the suboccipital craniectomy to the level of the incisura and 
slightly above the tentorium cerebelli (Fig. 1). Carotid arteriograms filled only the upper ex- 
tension of the malformation to a slight degree. 


Course. No further treatment was undertaken. She remained in the hospital approximately 
1 month, during which her neurological deficit was essentially unchanged. She became com- 
pletely antagonistic and negativistic before discharge; she refused to eat and finally left 
against advice. 
COMMENT 


The occurrence of trigeminal neuralgia with lesions of the posterior fossa such 
as: cholesteatomas of the cerebellopontine angle,’:* acoustic neurinoma, menin- 
gioma and thromboses of pontine vessels and the posterior inferior cerebellar ar- 
tery,’ is well known. Olivecrona® also mentioned a case of arteriovenous malforma- 
tion in which typical trigeminal neuralgia was the principal symptom. Dandy! stated 
that he had found 18 tumors in 250 cases of trigeminal neuralgia explored by the 
cerebellar route. In addition, he believed that free arterial loops elevating the nerve 
root, or venous branches crossing the nerve and sometimes dividing it, could ac- 
count for the pain. 

Peet and Schneider’ found only 4 tumors in 689 cases of trigeminal neuralgia 
approached by the subtemporal route. One of those tumors was a true aneurysm. 
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Hamby’ discussed aneurysm of branches of the internal carotid system as a cause 
of tic, and reviewed also the experience of several other authors. 

Wyburn-Mason,° in a discussion of arteriovenous malformations of the brain, 
referred to the severe psychoneurotic and psychotic changes that sometimes are 
produced by these lesions. The question of whether the malformation was con- 
clusively the basis of the pronounced personality changes demonstrated by our 
patient remains unanswered. She had admitted to having tried to “do away” with 
her children 2 years previously. Letters from her referring physicians emphasized 
the existence of a behavior problem. 

Pneumoencephalography was not performed. However, on the lateral carotid 
arteriogram, stretching of the pericallosal vessels was present. The arteriographic 
findings, papilledema and increased intracranial pressure are indicative of an as- 
sociated hydrocephalus.®? 

SUMMARY 


An unusual case is presented in which there occurred trigeminal neuralgia with 
onset at age 12 years, subsequently found to be associated with and probably result- 
ing from a large arteriovenous malformation of the right cerebellopontine angle, 
with hydrocephalus, a severely disordered personality, and cerebellar signs. 
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PARTIAL INTERNAL CAROTID ARTERY OCCLUSION TREATED BY 
PRIMARY RESECTION AND VEIN GRAFT 


REPORT OF A CASE 


Captain Paut M. Lin, M.C., U.S.A.R., Captain Husuanc Javip, M.C., U.S.A.R., 
AND CoLONEL Epwarp J. M.C., U.S.A. 


Department of Surgery, Madigan Army Hospital, Tacoma, Washington 
(Received for publication May 8, 1956) 


The diagnoses of occlusions of the internal or common carotid artery have been 
made more frequently in the past decade.**:3—° The clinical manifestations are 
varied, and are dependent on the degree of obstruction. In most cases of thrombosis 
of the internal carotid artery, the lesion is associated with diffuse cerebral arterio- 
sclerotic disease and occurs in the older age group. However, many cases have been 
reported in the younger age group.*~ The occlusion is usually caused by thrombus 
formation secondary to a localized arteriosclerotic plaque, frequently situated near 
the region of the bifurcation of the common carotid artery. 

Most clinicians are aware of the presence of a pre-occlusive lesion of the carotid 
artery. However, other than a high degree of suspicion, there is not enough clinical 
material in the literature to describe it as a clinical entity. The following is a case of 
incomplete occlusion of the internal carotid artery treated surgically by resection 
and vein graft. 

CASE REPORT 


A 44-year-old sergeant was admitted to Madigan Army Hospital in December 1955 with 
the history of intense paroxysmal left upper facial pain since 1948. A typical headache was 
described as starting from the left upper temporal area radiating down to the preauricular 
region. This was followed by a piercing pain behind the left eyeball, and a shooting pain 
toward the left maxillary region and left nostril. The headache usually occurred during the 
night, with a sudden onset, and lasted from a few minutes to 2-3 hours. The patient stated 
that many times he was literally thrown out of the bed, when the headache suddenly seized 
him during sleep. Less frequently the headache would occur during the daytime. In a few 
instances, the headache was brought on after drinking cold water and liquors, though there 
was no definite trigger mechanism with most attacks. Intense emotional outburst would 
usually precipitate the headache occurring during the daytime. The headache was excruciat- 
ing and was not relieved by opiates, ergot preparations or intravenous papaverine. The head- 
ache could not be precipitated by subcutaneous histamine injection. 

During the past year, the attacks had become more frequent (1-2 a day), and more 
lasting. In addition to the facial pain described above, an aching pain on the left side of the 
neck and excessive lacrimation and scintillating scotoma of the left eve were noted. At the 
height of one of the typical attacks, one medical officer noted that the left pupil was dilated. 
For many hours after an attack, a definite Horner’s syndrome could be found on the left. 
During the attack, and for 2 to 3 hours afterward, the patient also noticed a definite weak- 
ness on the right side of the body and difficulty in carrying out conversation. In the past 3 
months, increasing weakness in the right arm was noticed. 

Past history revealed that the patient had always been in excellent health. He appeared 
to be an intense and aggressive individual with a fine service record. 
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Examination. The patient was a white male of medium height, weighing 142 lbs. Blood 
pressure on admission was 130/80, pulse rate 78, and respiratory rate 22. The left eye showed 
slight ptosis and miosis (Horner’s syndrome). Funduscopic examination showed no evidence 
of vasospasm or other abnormality. Visual field and extraocular movements were within 
normal limits, and corneal reflexes were active bilaterally. There was no sensory abnormality 
over the distribution of the left trigeminal nerve. Neurological examination of other cranial 
nerves revealed no abnormalities. The vessels of the scalp were not unusually prominent. 
Pulsation of the left superficial temporal artery was easily palpable and the artery was not 
tender. Definite weakness was found in the right hand grip. Some subjective weakness on the 
right side had been noticed by the patient, but other than the weak hand grip, the findings on 
examination of motor function were not remarkable. Deep tendon reflexes were hyperactive 
on the right side. The gait showed slight limping in the right leg. Babinski and Hoffmann 
signs were negative bilaterally. Sensations of pain, vibration and touch were normal. There 
was partial disturbance of the position sense and stereognostic sense on the right side. Hand- 
writing, with eyes open and eyes closed, definitely indicated proprioceptive disturbance of 
the right hand. The proximal portion of the left common carotid artery showed weaker pul- 
sation than its counterpart on the right. The left carotid pulsation could not be felt above the 
level of the thyroid cartilage. There was no enlargement of the cervical lymph nodes. No 
bruits were audible over the cervical region and left side of head. 

Roentgenograms of the skull showed no abnormality. Serology was negative. Routine 
laboratory studies revealed no abnormalities. Spinal puncture showed a normal pressure of 
160 mm. of water, and the spinal fluid was normal. Electroencephalogram showed slightly 
faster rhythms in all leads without any evidence of localized abnormality. 

Left percutaneous carotid angiography (Fig. 1) was carried out with the needle inserted 
into the common carotid artery close to its origin. Three inches of common carotid artery 


Fic. 1. Left lateral carotid angiogram. The arrows point to the marked narrowing of the proximal 
portion of the internal carotid artery. 
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Fic. 2. Appearance of the vein graft after completion of the anastomosis. 


and all the branches of the external carotid artery were well visualized in all projections. How- 
ever, in three successive injections, the proximal 2 inches of internal carotid artery could not 
be visualized even though the contrast medium was still present in the common carotid 
artery. The siphon and the middle cerebral artery were faintly visualized. In one lateral 
projection (Fig. 1) the marked narrowing of the proximal portion of the internal carotid ar- 
tery was demonstrated. Right carotid angiogram, taken with contralateral compression of 
the common carotid artery, showed visualization of both anterior and middle cerebral ar- 
teries on both sides. There was a slight shift of the anterior cerebral arteries to the right. 
This finding was compatible with an atrophic lesion of the left cerebral hemisphere. 

The clinical impression was that of a partial occlusion of the internal carotid artery, with 
increasing dysfunction of the left cerebral hemisphere and that the intermittent attacks of 
left facial pain could be explained on the same basis. 

Operation. At exploration, a large arteriosclerotic plaque at the region of the carotid bi- 
fureation was found. The arterial wall was greatly thickened near the carotid sinus. The 
thickening was so striking that it resembled a carotid body tumor. On palpation, partial 
occlusion of the lumen of the common carotid artery at the region of bifurcation was quite 
evident. The narrowing was more marked at the origin of the internal carotid artery, though 
the lumen at this level was not completely occluded. The internal carotid artery above this 
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level appeared to be of normal consistency. 
Resection of the common carotid artery in- 
cluding the bifurcation and the proximal 1 
inch of the internal carotid artery was car- 
ried out. A 3-inch autogenous saphenous 
vein graft was used to bridge the defect be- 
tween the common carotid artery and the 
internal carotid artery. The proximal end- 
to-end anastomosis between the common 
carotid artery and the vein graft was ac- 
complished first. A continuous layer of 5-0 
arterial silk was used for the approximation 
of the two ends. The external carotid artery 
was then ligated and severed. The distal 
anastomosis between the internal carotid 
artery and the distal end of the vein graft 
was then carried out. Before the completion 
of the distal anastomosis, e arterial clamp 
on the internal carotid artery was released 
to flush out clots or air bubbles. The total 
time lapse of complete occlusion of the in- 
ternal carotid artery was 11 minutes, and 
that of the common carotid artery was 22 
minutes. The wound of the neck was then 
closed in anatomical layers (Fig. 2). 
Course. For 24 hours after surgery, the 
patient had slightly increased weakness on 


Fic. 4. Cross section of the proximal portion of the internal carotid artery. The lumen is narrowed 
by the arteriosclerotic process and compressed medially by the fibromatous thickened adventitia. An 
arteriosclerotic plaque of the intima can be seen medially. (X6) 


Fig. 3. Percutaneous left carotid angiogram per- 
formed 3 months after the operation, showing excel- 
lent patency of the graft. 
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the right side. This rapidly improved to the point where he thought he was stronger than be- 
fore the procedure. Severe headache had completely disappeared. He complained of some sen- 
sation of pressure on the left side of the face and diminished sensations of taste and smell. A 
left Horner’s syndrome became persistent after surgery. (The stellate ganglion and the left 
cervical sympathetic chain had been found to be unusually enlarged during the exploration, 
but were left intact.) 

Left percutaneous carotid angiography done 3 months after the operation showed that 
the graft was patent. There was no evidence of aneurysmal dilatation or narrowing of the 
grafted segment (Fig. 3). 

Pathological Report. Section showed arteriosclerotic thickening of the intima, especially 
near the carotid bifureation and the proximal portion of the internal carotid artery. There 
was evidence of marked fibrosis with a few inflammatory cells embedded in the collagenous 
tissue of the adventitia and the muscular layers (Fig. 4). 


Comment. The etiology of the fibrosis of the arterial wall is thought to be chronic 
inflammation or perhaps reactive changes associated with arteriosclerosis. The 
presence of abundant fibers of collagen in the tumor mass suggests chronicity. It is 
most unlikely that the percutaneous carotid angiography, which was performed 
only 10 days prior to the time of operation, could account for their formation. 


DISCUSSION 


Corrective attempts to rechannel an occluded internal carotid artery have been 
made by several workers.'*-7 Strully ef al.7 attempted thrombo-endarterectomy 
‘in a case of arteriosclerotic obliteration of the internal carotid artery, but were un- 
able to completely rechannelize the internal carotid artery. Conley! has satis- 
factorily replaced portions of internal carotid artery and common carotid artery by 
vein graft in the treatment of tumors of the neck. Autogenous vein graft from the 
great saphenous vein has been shown to be a satisfactory substitute. 

In the present case there were many of the earmarks of a typical migraine or 
unilateral histamine cephalalgia. The lability of the cervical sympathetic activity, 
pain on the left side of the neck, scintillating scotoma, transitory weakness on the 
right side during the attack, the marked diminution of carotid pulsation and the 
subsequent angiographic evidence of marked narrowing of the proximal portion of 
the internal carotid artery favored the preoperative diagnosis of partial occlusion 
of the internal carotid artery. 

If relief of this patient’s headache was the prime aim of therapy, one could in- 
deed argue that perhaps a decortication of the common carotid artery or a stellate 
ganglionectomy would be sufficient. Though a definite focal partial occlusion at the 
bifurcation was established at the time of operation, the decision to resect a partially 
occluded internal carotid artery on the side of the dominant hemisphere was a bold 
one. Such a procedure might not have been undertaken, had it not been for the fact 
that despite adequate collateral circulation through the circle of Willis, there was 
still development of progressive deterioration of the left cerebral hemisphere with 
intractable left facial pain. Since it is well known that thrombosis occurs commonly 
in a markedly narrowed and diseased artery, a satisfactory result in a case of oc- 
clusion of the internal carotid artery could be accomplished only before irreversible 
cerebral changes had occurred. 

It is not the purpose of this paper to advocate that the treatment of a partially 
occluded internal carotid artery should always be a primary resection. We merely 
wish to present a case of partial occlusion of the internal carotid artery with its in- 


| 
P 
a 
4 
iy 


triguing symptomatology, and to demonstrate the feasibility of resection of a dis- 
eased segment of carotid artery and its satisfactory replacement by an autogenous 
vein graft. 
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NOTICES 


INTERNATIONAL CONGRESS OF NEUROSURGERY 


The First International Congress of Neurosurgery will be held in Brussels, 
July 21-28, 1957, in conjunction with the International Congress of Neurological 
Sciences. Meeting jointly at that time will be the Sixth International Congress of 
Neurology, the Fourth International Congress of Electroencephalography, the 
Third International Congress of Neuropathology, the fifth meeting of the Inter- 
national League Against Epilepsy and the fifth meeting of the Symposium Neuro- 
radiologicum. 

During the first two days conjoint meetings will be held upon the themes of 
“Extrapyramidal Disease” and “Alterations in the State of Consciousness.” On 
the subsequent four days, symposia will be held in conjunction with two or more of 
the Congresses on the subjects of “Multiple Sclerosis,” ‘“Supratentorial Angioma,” 
“Hypothermia,” “Petit Mal” and other topics. 

A limited number of papers of neurosurgical interest may be accepted for 
presentation at the discretion of the Secretary-General of the First International 
Congress of Neurosurgery, Dr. Marcel David, Hospital Ste. Anne, Paris. Neuro- 
surgeons wishing to submit titles for consideration may do so by sending a title 
and abstract of 200 words to the Assistant Secretary-General, Dr. William B. 
Scoville, 85 Jefferson Street, Hartford, Connecticut, who will forward them to the 
Secretary-General. 

Registration forms, which must be completed before a paper may be considered 
for presentation, may be obtained from Dr. Scoville. Registration fees are as 
follows: Active Member, $15.00; Associate Member, $10.00; Member of the Wom- 
en’s Auxiliary, £5.00. 

The American Express Company and Thomas Cook are the official travel 
agencies for hotel reservations and transportation facilities. 


ISRAEL S. WECHSLER LECTURE 


The annual Israel S. Wechsler Lecture is to be given on December 14, 1956 at 
8:30 P.M. at The Mount Sinai Hospital of New York City, by Dr. Horace W. 
Magoun, Professor of Anatomy, School of Medicine, The University of California 
at Los Angeles, on ‘Aristotelian Psychology and The Twentieth Century Brain.” 


ITALIAN SOCIETY OF NEUROSURGERY 


The 7th Congress of the Italian Society of Neurosurgery will be held in Milan 
on December 15 and 16, 1956. The subject of the meeting will be “Surgery of the 
Cranial Nerves.” Papers will be presented by M. Milletti: Macroscopic and micro- 
scopic anatomy of tumors of cranial nerves; F. Migliavacca: Surgery of optic 
nerve; E. Miserocchi: Surgery of trigeminal nerve: G. Morello: Surgery of facial 
and intermediary nerves; P. Frugoni: Surgery of acoustic nerve; and F. Columella: 
Surgery of glossopharyngeal, vagus, spinal and hypoglossal nerves. 

Secretary of the Society is G. Morello, Neurological Institute, Via Celoria, 11, 


Milan. 
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LATIN AMERICAN CONGRESS OF NEUROSURGERY 


The 7th Latin American Congress of Neurosurgery will be held under the 
auspices of the University of Antioquia, Medellin, Colombia, July 8-11, 1957. The 
main subjects of the meeting will be (1) Ventricular Tumors: clinic, pathological 
anatomy, neuroradiology, treatment. (2) Temporal Lobe: physiopathology, 
epilepsy, tumors, radiology, surgery of tumors. (3) Apoplexy: clinic, pathological 
anatomy, radiology, surgical treatment. 

Abstracts of papers should not exceed 400 words and must be sent to Dr. Ernesto 
Bustamante, Facultad de Medicina, Medellin, Colombia before April 1, 1957 so 
that they may be published in the program of the Congress. 


NOTICE 


Because of an unfortunate printer’s error, the July 1956 issue of Journal of Neuro- 
surgery (Vol. XIII, No. 4) contains wrong page numbers. The over-all pagination 
should be 311 through 412, instead of 223 through 324. The correct page numbers are: 


CONTENTS 


1. Some Effects of Injections of Hyaluronidase into the Subarachnoid Space of 
Experimental Animals. Guy Owens, and Sam L, CLARK ............... 311 


2. Long-Term Follow-Up of 106 Cases of Astrocytoma, 1928-1939. ARTHUR R. 


. Hypothermia and Cerebral Vascular Lesions. I. Experimental Interruption 
of the Middle Cerebral Artery During Hypothermia. Husert L. RosoMorr 332 


4. Scintiscanning as a Method for Localization of Cerebral Tumors. Rosert L. 
BELL, Asa B. FRIEDMANN, and B. WESLEY OLSON ..............---006+ 344, 


. Contrast Medium Injury to the Spinal Cord Produced by Aortography. Patho- 
logic Anatomy of the Experimental Lesion. G. Marcouis, A. K. Tarazi, 


. Encephalomalacia Simulating the Clinical and Radiological Aspects of Brain 
Tumor. A Report of 6 Cases. GIUSEPPE SCARCELLA .........00-0+e000 


. The Fate of Patients Who Have Cerebral Arteriovenous Anomalies Without 
Definitive Surgical Treatments. HENpRIK J. Sven, IcNacto OLIVE, and 


. Positive Contrast Ventriculography—A Critical Evaluation. Norman H. 


Case REPORTs: 


Acoustic Neuroma with Meningitis and Secondary Communicating Hydro- 
cephalus: Successful Treatment. Report of Case. J. Grarton Love, HENRY 
W. Dopce, Jr., H. ReMine, WitiiAm E. WELLMAN, and Marzo J. 


Papilloma of the Choroid Plexus of the Lateral Ventricles Causing Hydro- 
cephalus in an Infant. Bronson S. Ray, and Fremont C. PEcK, JR. ...... 405 


As a safeguard against future reference and for indexing purposes, we recommend that 
you correct the page numbers in the July 1956 issue by crossing out the present folios 
and inserting the new page numbers in ink. 


We regret the error and any inconvenience the wrong page numbers might cause you. 
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